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9:30-10:00 H10 Probing Ion Migration in ABXj3; Perovskite Compounds: Five Fallacies
of Simulations — eROGER DE Souza

15:00-15:30 H10 Room-temperature dislocations in oxide ceramics: from understanding
to active engineering — ¢XUFEI FANG

9:30-10:00 H10 TUnderstanding the impact of disconnection flow on microstructure evo-
lution — eMARCO SALVALAGLIO

10:15-10:45 H10 The role of disconnections in the shear-migration coupling of grain
boundaries — eMARC LEGROS, ARMIN RAJABZADEH, ROMAIN GAUTIER,
NicorAs COMBE, FREDERIC MOMPIOU

11:30-12:00 H10 Grain Boundary Spinodals: Faceting Instability and the Role of Junc-
tion Energetics — eFADI ABDELJAWAD

12:30-13:00 H10 Atomistic structure of fcc-fcc interface in pure iron and in nanomulti-
layers: insight from atommistic modeling — eHELENE ZAPOLSKY, GILLES
DEMANGE, YURI BORGES GOMES LIMA, ANASTASIAI TITOVA, RENAUD PATTE

14:00-14:30 H10 Dynamics of dislocations and grain boundaries during recrystallization
of metal nanoparticles — eEUGEN RABKIN, JONATHAN ZIMMERMAN

9:30-10:00 H10 Grain Boundary Defect Phases in Thermoelectric Materials: Impact on
physical properties — ¢ CHRISTINA SCHEU, RUBEN BUENO VILLORO, SIYUAN
ZHANG, BAPTISTE GAULT, DUNCAN ZAVANELLI, GERALD JEFFREY SNYDER

10:15-10:45 H10 Microstructure and transport in model isotropic amorphous solids —
ePETER DERLET

11:45-12:15 HI10 Structural relaxation and deformation of bulk metallic glasses —
e GERHARD WILDE

15:00-15:30 H10 Structure, interfacial segregation and transformations of solid-state
precipitates in aluminium alloys — eLAURE BOURGEOIS, NIKHIL MED-
HEKAR, MATTHEW WEYLAND

15:45-16:15 H10 Magnetic properties of Fe-based amorphous alloys produced by melt-
spinning and selective laser melting — ePAOLA TIBERTO

17:15-17:45 H10 Diffusion and nucleation in Al-Ni melts using machine-learned MD sim-
ulations — JOHANNES SANDBERG, LEON F. GRANZ, e THOMAS VOIGTMANN

18:00-18:30 H10 The effect of composition on the thermodynamics, structure, mechan-
ical properties and atomic motion of (Pd-Pt)42.5Cu27Ni9.5P21 alloys
— oRALF BuscH

9:30-10:00 H10 Transformation-induced plasticity in zirconia ceramics: neural network
simulations and in-situ experiments — eDAvVID RODNEY

9:30-10:00 H10 Fatigue in steels: Micromechanical modelling of cyclic damage —
ePETRA SONNWEBER-RIBIC, ALEXANDRA STARK, CHRISTIAN ELSASSER
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Invited Talks of the joint SKM Dissertationspreis 2025 (SYSD)
See SYSD for the full program of the symposium.

SYSD 1.1 Mon  9:30-10:00 H2 Nanoscale Chemical Analysis of Ferroic Materials and Phenomena —
oK ASPER AAS HUNNESTAD

SYSD 1.2 Mon 10:00-10:30 H2 Advanced Excitation Schemes for Semiconductor Quantum Dots —
eYUSUF KARLI

SYSD 1.3 Mon 10:30-11:00 H2 Aspects and Probes of Strongly Correlated Electrons in Two-
Dimensional Semiconductors — ¢ CLEMENS KUHLENKAMP

SYSD 1.4 Mon 11:00-11:30 H2 Mean back relaxation and mechanical fingerprints: simplifying the
study of active intracellular mechanics — ¢TILL MUNKER

SYSD 1.5 Mon 11:30-12:00 H2 Coherent Dynamics of Atomic Spins on a Surface — e¢[LUKAS VELDMAN

Invited Talks of the joint Symposium Al-driven Materials Design: Recent Developments, Chal-

lenges and Perspectives (SYMD)
See SYMD for the full program of the symposium.

SYMD 1.1 Mon 15:00-15:30 H1 Learning physically constrained microscopic interaction models of func-
tional materials — eBORIS KOZINSKY

SYMD 1.2 Mon 15:30-16:00 H1 GRACE universal interatomic potential for materials discovery and
design — eRALF DRAUTZ

SYMD 1.3 Mon 16:00-16:30 H1  Multiscale Modelling & Machine Learning Algorithms for Catalyst Ma-
terials: Insights from the Oxygen Evolution Reaction — e¢NONG ARTRITH

SYMD 1.4 Mon 16:45-17:15 H1 Inverse Design of Materials — eHONGBIN ZHANG

SYMD 1.5 Mon 17:15-17:45 H1 Data-Driven Materials Science — eMIGUEL MARQUES

Invited Talks of the joint Symposium Electronic Structure Theory for Quantum Technology:

From Complex Magnetism to Topological Superconductors and Spintronics (SYES)
See SYES for the full program of the symposium.

SYES 1.1 Fri  9:30-10:00 H1 Ab-initio Design of superconductors — eLILIA BOERI

SYES 1.2 Fri 10:00-10:30 H1 Topological superconductivity from first principles — BENDEGUZ NYARI,
ANDRAS LASZLOFFY, LEVENTE ROzsA, GABOR CSIRE, BALAzs UJFALUSSY,
e[LASZLO SZUNYOGH

SYES 1.3 Fri 10:30-11:00 H1 First-principles study and mesoscopic modeling of two-dimensional spin
and orbital fluctuations in FeSe — eMYRTA GRUNING, ABYAY GHOSH, PIOTR

CHUDZINSKI
SYES 1.4 Fri 11:15-11:45 H1 Non-collinear magnetism in 2D materials from first principles: Multifer-
roic order and magnetoelectric effects. — e¢THOMAS OLSEN

SYES 1.5 Fri 11:45-12:15 H1 Spin-phonon and magnon-phonon interactions from first principles —
eMARCO BERNARDI

Sessions
MM 1.1-1.1 Sun  16:00-18:15 H15 Tutorial: Automated Worksflows (joint session MM /TUT)
MM 2.1-2.1 Mon  9:30-10:00 H10 Invited Talk: R. de Souza

MM 3.1-3.10 Mon 10:15-13:00 H10 Data-driven Materials Science: Big Data and Worksflows
MM 4.1-4.11 Mon 10:15-13:00 H22 Materials for the Storage and Conversion of Energy

MM 5.1-5.1 Mon 15:00-15:30 HI10 Invited Talk: X. Fang (joint session MM /KFM)

MM 6.1-6.10 Mon 15:45-18:30 H10 Phase Transformations

MM 7.1-7.5 Mon 15:45-17:00 H22 Materials for the Storage and Conversion of Energy

MM 8.1-8.5 Mon 17:15-18:30 H22 Materials for the Storage and Conversion of Energy (joint session

MM 9.1-9.74 Mon 18:30-20:30 P1 Poster

MM 10.1-10.1  Tue 9:30-10:00 H10 Topical Talk: M. Salvalaglio

MM 11.1-11.7  Tue 10:15-13:00 H10 Topical Session: Defects of Defects

MM 12.1-12.10 Tue 10:15-13:00 H22 Materials for the Storage and Conversion of Energy
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Topical Session: Defects of Defects

Materials for the Storage and Conversion of Energy (joint session
Invited Talk: C. Scheu

Topical Session: Thermophysical Properties of Bulk Metallic
Glasses and Bulk Metallic Glass-forming Liquids

Development of Calculation Methods

SYMD contributed

Invited Talk: L. Bourgeois

Topical Session: Thermophysical Properties of Bulk Metallic
Glasses and Bulk Metallic Glass-forming Liquids

Interface Controlled Properties, Nanomaterials and Microstruc-
ture Design

Materials for the Storage and Conversion of Energy

Phase Transformations

Members’ Assembly

Invited Talk: D. Rodney

Topical Session: Thermophysical Properties of Bulk Metallic
Glasses and Bulk Metallic Glass-forming Liquids

Transport in Materials: Diffusion, Charge or Heat Conduction
Mechanical properties

Liquid and Amorphous Materials

Functional Materials: Performance, Reliability and Degradation;
and Complex Materials (joint session MM /KFM)

Data-driven Materials Science: Big Data and Worksflows
Transport in Materials: Diffusion, Charge or Heat Conduction
Invited Talk: P. Sonnweber-Ribic

Development of Calculation Methods

Transport in Materials: Diffusion, Charge or Heat Conduction
Mechanical Properties

Functional and Complex Materials

Members’ Assembly of the Metal and Material Physics Division

Wednesday

18:45-20:45

H10
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MM 1: Tutorial: Automated Worksflows (joint session MM /TUT)

Participants in the tutorial will be able to run all the examples shown in the presentation interactively
on their own laptops. There is no need to install any code, just a standard web browser to explore the

applications interactively.

Time: Sunday 16:00-18:15

Tutorial MM 1.1 Sun 16:00 H15
Hands-on Tutorial: Automated Workflows and Ma-
chine Learning for Materials Science Simulations — eJORG
NeuGeEBAUER!, TiLMANN HickeL?, and RaLr DrauTz3 — 1MPI fiir
Nachhaltige Materialien, Diisseldorf, Germany — 2BAM, Berlin, Ger-
many — 3ICAMS, Ruhr-Universitdt Bochum, Germany

Machine learning techniques in physics and materials science have rev-
olutionized simulations and experimental analysis. Using these tech-
niques to accurately predict, for example, material properties requires
the manipulation and use of vast amounts of data. Manual processing
and analysis quickly become impractical and error-prone, so the avail-
ability of automated workflows is critical to their efficient, reliable, and

Location: H15

consistent application.

In this hands-on tutorial, we provide an interactive, practical in-
troduction to workflow management using Pyiron (www.pyiron.org).
Pyiron is an integrated materials science development environment
based on Python and Jupyter notebooks that can be used for a wide
range of simulation tasks, including rapid prototyping, coupling with
experiments, and high-performance computing. The tutorial gives a
general introduction to the use of Pyiron with a focus on atomistic
simulation tasks. As a practical example, all steps of the workflow for
the construction of ab initio phase diagrams will be performed inter-
actively by all participants, e.g. the generation of DFT datasets, the
training and validation of machine learning potentials as well as the
construction of the phase diagram.

MM 2: Invited Talk: R. de Souza

Time: Monday 9:30-10:00

Invited Talk MM 2.1 Mon 9:30 H10
Probing Ion Migration in ABX3 Perovskite Compounds: Five
Fallacies of Simulations — eRoGER DE Souza — Institute of Phys-
ical Chemistry, RWTH Aachen University, Aachen, Germany

Simulation studies play a central role, in interpreting and explain-
ing experimental data on ion transport, in providing insights at the
atomic scale, and in predicting data for new systems. Ion migration

Location: H10

in ABX3 perovskites has been examined with both molecular-static
and molecular-dynamic calculations, employing classical pair poten-
tials, reactive force-fields or quantum-mechanical calculations.

In this contribution, taking ion migration in BaTiO3, CaTiOs3, and
MAPDI3 as examples, I draw attention to problems that may arise
when using molecular-static calculations to obtain activation barriers
for higher symmetry perovskite phases. In general, a far more critical
consideration of simulation results in the literature is required.

MM 3: Data-driven Materials Science: Big Data and Worksflows

Machine Learning, Potential Development

Time: Monday 10:15-13:00

MM 3.1 Mon 10:15 H10
Benchmarking DFT Functionals at Finite Temperature with
ASSYST and MLIPs — eMAaRrvIN PouL and JORG NEUGEBAUER
— Max-Planck-Institut fiir Nachhaltige Materialien

A key ingredient to the accuracy of Density Functional Theory (DFT)
calculations is the chosen approximation to the exchange-correlation
functional. Local Density Approximation (LDA) and Generalized Gra-
dient Approximation (GGA) calculations often bracket experimental
observations, but systematic exploration of the behavior of different
density functionals is hindered by the high computational cost of
DFT in realistic applications, especially concerning finite temperature
properties. Using the ASSYST|[1] method, we automatically gener-
ate unary, general purpose Atomic Cluster Expansion (ACE) Machine
Learning Interatomic Potentials (MLIPs) for a range of metals using
LDA, PBE and r2SCAN functionals. The key advantage of ASSYST
lies in the small cells (< 10 atoms per cell) that it generates as training
data. This allows us to relabel the data using different functionals very
efficiently. We then use these potentials to calculate melting curves,
thermal expansion, and formation energies of various defects (grain
boundaries, surfaces, point defects) to systematically assess strengths
and weaknesses of the DFT functionals. In general, we find good
agreement with corresponding DFT results, showing that ASSYST
can reliably create transferable potentials for metals at DFT accuracy.
[1]: https://www.researchsquare.com/article/rs-4732459/v1

MM 3.2 Mon 10:30 H10
Assessing the role of physical constraints in machine learning
potentials — eMARCEL F. LANGER, SERGEY N. Pozpnyakov, FiL-
ippo Bicr, and MicHELE CERIOTTI — Laboratory of Computational
Science and Modeling (COSMO) and National Centre for Computa-
tional Design and Discovery of Novel Materials (MARVEL), Institute

Location: H10

of Materials, Ecole Polytechnique Fédérale de Lausanne, 1015 Lau-
sanne, Switzerland

Machine learning potentials, which approximate the potential energy
surface of atomistic systems to enable larger and longer simulations
than first-principles methods, have advanced rapidly in recent decades.
Much of this development has been driven by the increasingly sophis-
ticated treatment of physical symmetries, in particular invariances, in
the underlying machine learning models. However, the rise of so-called
unconstrained models, which replace exact invariance with learned ap-
proximations, has sparked debate over this approach. Some models
even choose to directly predict forces, rendering the resulting force
fields non-conservative. We investigate the effectiveness of such mod-
els and evaluate the impact of disregarding physical constraints for
practical simulations. In particular, we study the effects of breaking
rotational symmetry in a machine-learning potential for water [1] and
discuss the potential consequences of direct force predictions.

[1]: M.F. Langer, S.N. Pozdnyakov, and M. Ceriotti, Mach. Learn.:
Sci. Technol. 5 04LT01 (2024)

MM 3.3 Mon 10:45 HI10
Fast and flexible range-separated models for atomistic ma-
chine learning — ePHiLIP LocHE, MARCEL F. LANGER, and
MicHELE CerIoTTI — Laboratory of Computational Science and Mod-
eling (COSMO), Institute of Materials, Ecole Polytechnique Fédérale
de Lausanne, 1015 Lausanne, Switzerland

Most machine learning (ML) interatomic potentials rely on a locality
ansatz, decomposing energy into short-ranged, atom-centered contri-
butions. This limits their ability to describe problems dominated by
long-range physical effects, such as electrostatics. We present a frame-
work integrating established algorithms for non-bonded interactions
— including Ewald summation, PME, and P3M - into atomistic ML.
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Reference implementations are provided in PyTorch and JAX. Beyond
Coulomb potentials, we introduce Exterior Potential Features for gen-
eral long-range ML applications. Our modular libraries enable ac-
curate physical force evaluations, seamless integration with local ML
schemes via automatic differentiation, and flexible architectures for
advanced models. We benchmark these tools for molecular dynamics,
range-separated ML potentials, and long-range atomic descriptors.

MM 3.4 Mon 11:00 H10
Beyond Numerical Hessians: Applications for Higher Or-
der Derivatives in Machine Learning Interatomic Potentials
— oNiLs GOnNNHEIMERD2, KARSTEN REUTER!, and Jomannes T.
MARGRAF? — !University of Bayreuth — 2Fritz-Haber-Institut der

MPG, Berlin

The development of machine learning interatomic potentials (MLIPs)
has revolutionized computational chemistry by enhancing the accuracy
of empirical force fields while retaining a large computational speed-up
compared to first-principles calculations. Despite these advancements,
calculating Hessian matrices remains challenging due to the lack of
analytical second-order derivatives, necessitating the use of computa-
tionally expensive finite difference methods (which can lead to numeri-
cal instabilities because of rounding errors). Automatic differentiation
(AD) offers a promising approach to reducing this computational ef-
fort and making the calculation of Hessian matrices more efficient and
accurate. In this contribution, we discuss the implementation of AD
Hessians in the equivariant MACE framework. This new methodol-
ogy finds applications in screening the heat capacities of metal-organic
frameworks (MOFs) and in the calculation of infrared (IR) spectra,
which are an ubiquitous tool for molecular characterization.

MM 3.5 Mon 11:15 H10
Diversity-Driven Active Learning of Interatomic Potentials
for Reaction Network Exploration — eFraNcEsco CANNIZZARO,
King Cuun Lai, ParriciaA PoTHs, SEBASTIAN MATERA, VANESSA
J. Bukas, and KARSTEN REUTER — Fritz-Haber-Institut der MPG,
Berlin

We present an automatic workflow for the simultaneous active learning
of Machine-Learning Interatomic Potentials (MLIPs) and exploration
of complex networks of activated events. This workflow consists of
alternating periods of training and the generation of candidate struc-
tures for the enrichment of the training set using the recently devel-
oped Automatic Process Explorer (APE) [1]. This allows us to de-
termine elementary processes and corresponding barriers without the
need of human supervision. From the output of the APE explorations,
we identify maximally diverse atomic structures utilizing the DECAF
fuzzy classification algorithm [2] and add only these to the training
set. We exemplify this strategy on carbon intercalation in Pd, us-
ing GAP and MACE as MLIP frameworks. We find that this diversity
driven approach outperforms state-of-the-art training set designs based
on molecular dynamics for finding activated events and corresponding
barriers. Particularly, our workflow performs very well in reducing
outliers, which is of utmost importance for activated event dynamics
since this is often controlled by only a few barriers.

[1] Lai et al., ChemRxiv, https://doi.org/10.26434/chemrxiv-2024-
jbzr7 (2024).

[2] Lai et al., J. Chem. Phys. 159, 024129 (2023).

15 min. break

MM 3.6 Mon 11:45 H10
Accelerating Materials Exploration with Active Machine
Learning: Integrating SISSO with FHI-aims — Y1 Yaol:2,
Lucas Foppal, AxkniL SucarHaN Nair', ANDREI SoBoLEV!?Z,
eKonsTANTIN Lion'2, Sepastian KokorT!2, and MATTHIAS
ScHEFFLER! — 'NOMAD Laboratory at the Fritz Haber Institute of
the Max Planck Society, Berlin, Germany — 2Molecular Simulations

from First Principles e.V., Berlin, Germany

We present a user-friendly web application for active learning-based
materials exploration with the goal of broadening the usability of Al
tools. The platform integrates the SISSO (Sure Independence Screen-
ing and Sparsifying Operator) method [J. Chem. Phys. 159, 114110
(2023)] with FHI-aims software [Comp. Phys. Commun. 180, 2105
(2009)] to provide interpretable modeling and reliable property predic-
tions. SISSO dynamically updates models during the exploration pro-
cess, while FHI-aims ensures accurate all-electron density functional
theory (DFT)-based calculations. The property prediction workflow is

managed using the atomate2 library, providing many ”standard” DFT
workflows and efficient utilization of compute resources ranging from
local machines to cloud infrastructures. By leveraging SISSO-based
uncertainty prediction, the application implements active learning to
efficiently identify materials with desirable target properties. Two case
studies, the exploration of the bulk modulus in perovskites and the
prediction of stable oxides under harsh conditions, demonstrate the
platform’s ability to accelerate materials discovery.

MM 3.7 Mon 12:00 H10
Data-driven design of mechanically hard soft magnetic high-
entropy alloys — eMiaN Darl, Yixuan Zuanc!, Xiaoqing Li2,
STEPHAN ScHONECKER?, LiuLiu Han3, RuiweN Xie!, CHEN SHEN!,
and HoncBIN ZHANG! — lInstitute of Materials Science, Technical
University of Darmstadt, Darmstadt, Germnay — 2Department of
Materials Science and Engineering, KTH - Royal Institute of Tech-
nology, Stockholm, Sweden — 3Max Planck Institute for Sustainable
Materials, Diisseldorf, Germany

The rational design of mechanically hard soft magnets, combining high
hardness with magnetically soft properties, represents a critical fron-
tier in materials science. Here, we introduce a comprehensive data-
driven framework to navigate the vast compositional space of high-
entropy alloys (HEAs) and identify candidates optimized for these
dual functionalities. Utilizing a curated dataset of 1,842,628 density
functional theory calculations, encompassing 45,886 quaternary and
414,771 quinary equimolar HEAs derived from 42 elements, we em-
ploy ensemble learning to synergistically integrate multiple predictive
models. This methodology captures the relationships between com-
position, crystal structure, mechanical performance, and magnetic be-
havior, enabling the identification of alloys with a unique combination
of high hardness and magnetic softness. Our framework establishes a
robust pathway for the accelerated discovery of next-generation hard-
soft magnetic materials, underscoring the transformative potential of
data-driven strategies in materials design.

MM 3.8 Mon 12:15 HI10
Autonomous optimization of coin-cell batteries and thin-
film growth — eEpanN Baingrass!:6, PETer Kraus2?®, FRAN-
cisco Ramirez3:6, Exga SvaLuTo-FERRO?, Loris ErcoLe3:8, Ben-
JaMIN Kunz2, SEBasTIAAN HUBER®'®, NUKORN PLaINPAN?Z, NIKITA
SHEPELIN', N1coLA MaRrzaR1!:3:6 CorsiN Barracria23:4, and Gio-

VANNI Pizzi13:6 — 1PSI Villigen, Switzerland — 2Empa, Diiben-
dorf, Switzerland — 3EPFL, Lausanne, Switzerland — *ETH Zurich,
Zurich, Switzerland — ®TUB, Berlin, Germany — SMARVEL,
Switzerland

Advancements in materials science are increasingly driven by the inte-
gration of automation of both experiments and simulations, machine
learning, and robust data management frameworks. In this talk, we
discuss the integration of experimental systems with the AiiDA [1]
workflow management system, both battery coin cell assembly and cy-
cling [2], and for thin film growth by pulsed laser deposition (PLD). We
discuss the ongoing integration of these platforms with the FINALES
[3] fast intention-agnostic learning server towards fully autonomous
optimization of battery end-of-life (EOL) performance. We also dis-
cuss preliminary results demonstrating the feasibility of autonomously
optimizing the layer-by-layer thin-film growth with PLD. These case
studies demonstrate the potential of automated workflows to accelerate
the discovery and optimization of functional materials.

[1] S. P. Huber et al., Sci. data 7, 300 (2020)

[2] P. Kraus et al., J. Mat. Chem. A 12, 10773 (2024)

[3] M. Vogler et al. Adv. Ener. Mat. 2403263 (2024)

MM 3.9 Mon 12:30 HI10
Learning Disorder in Generative Materials Discovery - Bridg-
ing Prediction and Experiment — eKONSTANTIN JakoB!, ARON
WaLsH2, KARsTEN REUTER!, and JoHANNEs T. MARGRAF!:3
I Fritz-Haber-Institut der MPQ, Berlin, Germany — 2Imperial College

London, London, UK — 3University of Bayreuth, Bayreuth, Germany

In recent years, generative machine learning (ML) models have demon-
strated tremendous potential for the design and discovery of new ma-
terials. This has led to extensive predictions of previously unknown,
potentially stable inorganic materials. However, current models suffer
from the fact that the underlying training data is purely based on den-
sity functional-calculations for small, ideal crystals. As a consequence,
many of the supposedly new materials are in fact experimentally known
as disordered crystals. In this work, we address this issue by performing
a thorough analysis of crystal disorder in the experimental structures
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of the Inorganic Crystal Structure Database (ICSD). Based on this,
we develop disorder classification models and representations that can
predict the likelihood of disorder across chemical space. Eventually,
these concepts will allow us to extend current generative models to
realistic crystal systems and bridge the gap between prediction and
experiment.

MM 3.10 Mon 12:45 HI10
Materials-Discovery Workflows Guided by Symbolic Regres-
sion: Identifying Stable Oxides for Catalytic Applications —
e AkHIL S. NAIR, Lucas Foprpra, and MATTHIAS SCHEFFLER — The
NOMAD Laboratory at the FHI of the Max Planck Society, Berlin,
Germany

Al-driven workflows will accelerate materials discovery by efficiently
guiding experiments or simulations towards materials with desired

properties. However, probabilistic Al approaches commonly used in
these workflows are limited by the relatively small size of high-quality
datasets and they rely on typically unknown, low-dimensional rep-
resentations. Herein, we discuss the recent advancements in apply-
ing symbolic regression based on the sure-independence screening and
sparsifying operator (SISSO) approach within iterative frameworks for
materials discovery. This involves an ensemble approach for the un-
certainty quantification of SISSO models as well as the development
of optimization strategies to efficiently explore promising regions of
the materials space. These developments present an opportunity to
integrate SISSO into sequential-learning workflows for materials dis-
covery. Importantly, SISSO provides materials-property maps covering
the entire materials space, further reducing the risk that the workflow
misses promising materials that were overlooked in the initial dataset.
We demonstrate the effectiveness of the SISSO-guided workflows by
identifying stable oxides for catalytic applications.

MM 4: Materials for the Storage and Conversion of Energy

Metal Hydrides, Hydrogen Embrittlement
Time: Monday 10:15-13:00

MM 4.1 Mon 10:15 H22
Atomic cluster expansion potential for the palladium hy-
dride system — eMinaaM QaMAR!, AriNva NgoipaLa?, MaTous
Mrovec!, and Martaias VanNDICHEL? — ICAMS, Ruhr-University
Bochum, Germany — 2Department of Chemical Sciences and Bernal
Institute, University of Limerick, Ireland

Palladium (Pd) is extensively studied for metal-hydrogen interactions
due to its remarkable ability to absorb large amounts of hydrogen un-
der standard temperature and pressure conditions, forming stable pal-
ladium hydride structures. This property makes Pd a critical material
for various hydrogen-related applications, including hydrogen storage
and as a catalyst for hydrogen evolution reactions. We developed a
highly accurate and computationally efficient Atomic Cluster Expan-
sion (ACE) potential to unravel atomistic insights into the Pd-H in-
teraction. This potential was utilized to perform molecular dynamics
and Monte Carlo simulations, providing a detailed understanding of
the formation mechanisms of palladium hydride nanoclusters and bulk
structures.

MM 4.2 Mon 10:30 H22
Hydrogen kinetics in HPT-deformed bulk Mg and Mg-
based alloys — eG1orGIA GUARDI', SABINE ScHLABACH»2:3, JuLIA
IvANISENKO?, STEFAN WAGNER!, and AsTrip PunpT! — !Karlsruhe
Institute of Technology (KIT), Institute for Applied Materials (IAM-
WK), Karlsruhe, Germany — 2Karlsruhe Institute of Technology
(KIT), Institute of Nanotechnology (INT), Karlsruhe, Germany —
3Karlsruhe Institute of Technology (KIT), Karlsruhe Nano Micro Fa-
cility (KNMFi), Karlsruhe, Germany

Magnesium (Mg) is a light and abundant element that can store hydro-
gen with a gravimetric density of 7.6 wt. % and a volumetric density
of 110 kgH/m3. Therefore, it is a highly promising hydrogen storage
material for a sustainable energy economy. However, its technical use
is hindered by an inherent kinetic blockade in magnesium hydride. A
high content of grain boundaries is expected to improve hydrogen ki-
netics in Magnesium samples, particularly in the magnesium hydride
phase. This can be achieved in bulk samples through the use of severe
plastic deformation techniques, such as High-Pressure Torsion (HPT).

High-pressure torsion is not fully effective in reducing the grain size
in pure bulk magnesium due to dynamic recrystallization. To overcome
this lower limit to bulk magnesium grain size, Mg- 2.3 at.% Zn- 0.17
at. % Zr alloys are used, reaching a final grain size of approximately
100 nm after HPT. This study examines the impact of the sample’s mi-
crostructure on hydrogen kinetics. Hydrogen absorption is studied at
room temperature by gas-phase and electrochemical hydrogen loading.

MM 4.3 Mon 10:45 H22
A first principles study on the free energy landscape of
chemisorbed hydrogen atoms on a Pt (111) surface modified
by transition metals — eBINGXIN LI, SUDARSAN SURENDRALAL,
MIirA ToporovA, and JORG NEUGEBAUER — Max-Planck-Institut fiir
Nachhaltige Materialien GmbH, Max-Planck-Strafte 1, 40237 Diissel-
dorf

Location: H22

Platinum (Pt) is considered an excellent catalyst for the hydrogen evo-
lution reaction (HER) due to its optimal hydrogen binding strength, as
suggested by the Sabatier principle and the volcano plot of the HER.
In surface-catalysed electrochemical reactions, the incorporation of ad-
sorbates or dopants into a host surface can significantly enhance the
catalytic selectivity, activity, and stability compared to the pristine
surface while also introducing some novel properties not observed on
the parent surfaces. Transition metals (TMs), such as Cu, Ag, Au, Pd,
Ru, Rh, and Ir, form metal-hydrogen bonds with unique characteris-
tics, resulting in varied H adsorption patterns and distinct hydrogen
evolution behaviours. Consequently, doping these transition metals
into a Pt (111) surface can significantly alter its catalytic properties
for the HER, either by modifying H adsorption configurations or by
impacting the reaction barrier of the fundamental steps for the hydro-
gen evolution, though the underlying mechanisms remain unclear. To
this end, we employ ab initio molecular dynamics (AIMD) simulations
to investigate H adsorption on TM-doped Pt (111) surfaces in the pres-
ence/absence of explicit water by constructing laterally resolved free
energy maps of chemisorbed H atoms.

MM 4.4 Mon 11:00 H22
Local hydrogen concentration and distribution in
Pd nanoparticles: An in-situ STEM-EELS approach
—  oSvETLANA KornNEvcHUKD2, STEFAN WAaGNER!, DARIUS
RouLepER?, PHiLIPP VANA®? and AsTriD PunpT! — 'TAM-WK,
Karlsruhe Institute of Technology — 2Karlsruhe Nano Micro Fa-
cility (KNMFi), Karlsruhe Institute of Technology — 3Institute of
Physical Chemistry, Georg-August-University Gottingen — 4Wohler
Research Institute for Sustainable Chemistry (WISCh), Georg-August-
University Gottingen
Local detection of hydrogen concentration in metals is of central im-
portance for many areas of hydrogen technology, such as hydrogen
storage, detection, catalysis, and hydrogen embrittlement. We demon-
strate a novel approach to measure the hydrogen concentration in a
model system consisting of cubic palladium nanoparticles, with a lat-
eral resolution down to 4 nm. By measuring the shift of the Pd bulk
plasmon peak with scanning transmission electron microscopy com-
bined with energy electron loss spectroscopy during in-situ hydrogen
gas loading and unloading, local detection of the hydrogen concentra-
tion is achieved in TEM [1]. With this method, concentration changes
inside the NPs at various stages of hydrogenation/dehydrogenation are
observed with nanometer resolution. The versatility of in-situ TEM al-
lows to link together microstructure, hydrogen concentration and local
strain, opening up a new chapter in hydrogen research. [1] S. Korn-
eychuk, et al., ’Local hydrogen concentration and distribution in Pd
nanoparticles: An in-situ STEM-EELS approach’, Small, accepted

MM 4.5 Mon 11:15 H22
Hydride formation in open thin film metal hydrogen systems:
Cahn-Hilliard-type phase-field simulations coupled to elasto-
plastic deformations — eSTEFAN WAGNER', ALEXANDER Dyck?2,
Jonannes Gisy2, FREpERIK HiLLE2, AsTRID PUNDT!, and THOMAS
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BonLke? — !nstitute for Applied Materials (IAM-WK), Karlsruhe
Institute of Technology (KIT), Germany — 2Institute of Engineering
Mechanics (ITM), Karlsruhe Institute of Technology, Germany

Metal-hydrogen systems are versatile model systems to study alloy
thermodynamics and structural phase transitions. Hydrogen absorp-
tion and hydride formation in metals induce a volume expansion of the
metal, leading to incompatibility stresses at internal and external in-
terfaces. Resulting changes of the thermodynamic stability of phases in
response to the mechanical constraint conditions can be understood by
investigating the chemo-mechanical coupling [1,2]. Utilizing niobium-
hydrogen thin films, combining a Cahn-Hilliard type phase-field the-
ory and Finite-Element-Modeling (FEM) we study the feedback-loop
of the local stress state, elasto-plastic deformations and hydrogen dif-
fusion, determining the driving force of precipitation and growth of the
hydride phase under open-system conditions. The simulation results
are informed by and compared to measurements of the concentration-
dependent stress state, chemical potential and phase separation in epi-
taxial niobium-hydrogen thin films adhered to sapphire substrates [3].
[1] A. Dyck, T. Bohlke, A. Pundt, S. Wagner, Scr. Mat. 247 (2024)
116117. [2] A. Dyck et al., Scr. Mat. 251 (2024) 116209. [3] A. Dyck
et al., accepted to Mech. of Mat.

MM 4.6 Mon 11:30 H22
Hydrogen: a catalyst for abnormal grain growth in inert-

gas condensed nanocrystalline Pd-Au? — eFABIAN ANDORFER!,

JuLes M. Dakge!, MARrRkuUs ZIEHMER!, JoHANNES WIiLD2, ToORr-
BEN BoLrL2, DOROTHEE VINGA SzABG2, STEFAN WAGNER?2, ASTRID
PunpT?, and CarL E. KriLL III' — !Institute of Functional
Nanosystems, Ulm University — 2Institute of Applied Materials -
Materials Science and Engineering (IAM-WK), Karlsruhe Institute of

Technology

Heat treatment causes some polycrystalline materials to manifest ab-
normal grain growth (AGG), during which a few grains acquire a sig-
nificant growth advantage compared to the remaining matrix grains,
resulting in a bimodal distribution of grain sizes. Inert-gas condensed
nanocrystalline Pd-Au alloys undergo an extreme form of AGG. This
system is known to absorb hydrogen. When Pd-Au alloys are exposed
to hydrogen below a certain gas pressure, hydrogen atoms primar-
ily occupy grain boundaries and interstitial sites. This segregation is
expected to lower the excess energy of the grain boundaries, which
should have a noticeable effect on subsequent grain growth. To test
this, Pd-Au samples were heat treated in argon and hydrogen atmo-
spheres, respectively. The average size of the abnormally grown grains
was determined, and the grain shape was characterized by calculating
the circularity. Hydrogen appeared to increase the rate of abnormal
grain “nucleation” without affecting the resulting grain shape.

MM 4.7 Mon 11:45 H22
The liquid intermediate phase for a hydrogen storage ma-
terial — eAnasTasiia Tuase!, OLIVER ALDERMANZ, CHIARA
MiLaNEsE®?, ALEssaNDRo GIRELLA?, CrLauDIO PisTIDDA®, MAR-
TIN MULLERS-6, and SEBAsTIAN Busca! — 'GEMS MLZ, Helmholtz-
Zentrum Hereon WPN — 2ISIS Neutron and Muon Source — 3C.S.G.I.
Department of Chemistry, Physical Chemistry Division, University of
Pavia — 4Pavia Hydrogen Lab — 5Helmholtz-Zentrum Hereon WTN
— 6CAU zu Kiel, Leibnitzstr. 19, 24098 Kiel, Germany

Hydrogen storage in light hydrides for mobile applications is a widely
discussed but a highly controversial topic because of its ability to form
explosive mixtures with oxygen. However, this danger is eliminated, if
hydrogen is stored in complex hydrides, which provide hydrogen only
under significant heat impact.

The main issue for complex hydride mixtures is the kinetics of
the reversible reaction with hydrogen. One of prospective candidates
is 6Mg(NHz2)2:9LiH, which promptly interacts with hydrogen when
doped with LiBHy. Its catalytic impact is explained by the formation
of low-melting intermediate phases with high Li-ion conductivity: a
metastable LipBH4NHy and a peritectically melting Lis BH4(NHz)3.

In the LiNH2 — LiBH4 phase diagram, the eutectic point is located
at the 1:2 ratio and 90°C. This eutectic mixture was characterized by
various techniques, including neutron total scattering, and its intrin-
sic structure under the reaction conditions was elucidated by EPSR,
which gave a hint about its role as a liquid-phase catalyst in the corre-
sponding hydrogen storage composition (6Mg(NHz)2:9LiH:6LiBHy).

MM 4.8 Mon 12:00 H22
Machine Learning Interatomic Potentials for Studying Hy-
drogen Storage in TiCr2 Laves Phase Alloys — ePranav

KumaRr, BrLazes GraBowskl, and YuJi IKEpA — Institut fiir Ma-
terialwissenschaft, Universitdt Stuttgart, Pfaffenwaldring 55, 70569
Stuttgart, Germany

Efficient hydrogen storage is a crucial challenge for the widespread
absorption of hydrogen as a clean energy carrier. TiCr2 Laves phase
alloys, with their exceptional hydrogen absorption and diffusion prop-
erties, represent a promising class of materials for this purpose. This
study employs a multiscale computational strategy, integrating density
functional theory (DFT) and machine learning interatomic potentials
(MLIPs), to investigate hydrogen behavior in TiCr2 Laves phases. Key
areas of focus include hydrogen binding energies, diffusion pathways,
and the complex effects of hydrogen clustering, which influence storage
capacity and transport. Notably, our findings reveal possible equilib-
rium hydride structures consistent with experimental observations, of-
fering valuable validation of the computational models. By leveraging
large-scale DFT simulations within an active learning framework, we
develop accurate MLIPs that enable efficient exploration of the phase
space across diverse hydrogen concentrations. These MLIPs bridge
atomic-scale simulations, facilitating precise calculations of hydrogen
diffusion coefficients and shedding light on the mechanisms of hydrogen
mobility. The insights derived from this work enhance our understand-
ing of hydrogen-metal interactions and provide critical information for
optimizing hydrogen storage materials.

MM 4.9 Mon 12:15 H22
The impact of Mn and Al on the trapping and diffusion of
hydrogen in v-Fe: An atomistic insight — eBikram Kumar
Das!, Pouramr CHAKRABORTY!, Mauricio RiNcON BoninLal, and
ELENA AkHMATSKAYAL'2 — 1Basque Center for Applied Mathematics,
Bilbao, Spain — 2Ikerbasque - Basque Foundation for Science, Spain

‘We propose a first principles-based framework to systematically unlock
the physical underpinnings of local distribution of the solute atoms on
hydrogen trapping and diffusion in Mn/Al-alloyed y-Fe. In our scheme,
all thermodynamically stable substitutional solute sites were identified
(<= 5.4 wt% Mn; <= 4 wt% Al) up to the third nearest neighbour
(NN) shell of a single H atom. The impact of Mn/Al on H-binding
was quantitatively evaluated, indicating a surprisingly strong correla-
tion with the local Al distribution regardless Mn content, and indirect
stabilization by Al when present in the 2nd NN shell. Nonetheless, Al
strongly repels H bonding. The contradictory role of Al was explained
in terms of bonding/anti-bonding orbitals occupancy in H-M interac-
tions (M = Al, Mn, Fe). The barriers to H hopping between adjacent
local environments and the corresponding jump frequencies were sub-
sequently calculated, providing insights into the limits imposed by the
presence of Al and Mn on H mobility in Mn/Al-alloyed v-Fe. Most
notably, presence of Al in the 2nd NN shell of H severely reduces the
H jump frequency, leading to irreversible trapping at high Al contents.
Such behaviour may critically contribute to mitigate H-induced de-
layed fracture in Al-rich austenite steel.

MM 4.10 Mon 12:30 H22
Hydrogen - Microstructure Interaction in Ferritic Steels:
From Ab-initio Simulations to Experiments — eONur CaN
SEN1:2:3 SaNTIAGO BENITO?, SEBASTIAN WEBER?, and REBECCA
Janisca® — 1IMPRS SusMet, Max Planck Institute for Sustainable
Materials, Germany — 2Institute for Materials, Chair of Materials
Technology, Ruhr-University Bochum, Germany — 3ICAMS, Ruhr-
University Bochum, Germany

Hydrogen embrittlement (HE) is a phenomenon where hydrogen nega-
tively impacts the mechanical properties of metallic materials. Mitigat-
ing HE requires minimizing hydrogen diffusion in microstructures and
understanding how local heterogeneities influence this process across
different length scales. While advanced experimental and computa-
tional methods exist, their application to varying systems complicates
model validation. To address this, simplified ferritic Fe-based alloys
were produced, and subjected to thermomechanical treatments, and
their microstructures were characterized using EBSD. This approach
aims to assess the hydrogen storage capacities of microstructural het-
erogeneities and their influence on the effective diffusion coefficient.
Complementary ab initio density functional theory calculations were
performed to evaluate hydrogen trapping energies and diffusion barri-
ers under different chemical environments and CSL boundaries. These
calculations inform predictions of hydrogen solubility and distribution
within the experimental microstructures, to be validated experimen-
tally. This work shows the importance of combining simulations and
experiments to understand microstructural heterogeneities’ role in HE.
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MM 4.11 Mon 12:45 H22
Hydrogen Embrittlement in fatigue damage of ferritic steel:
Theoretical investigation of failure mechanisms in vary-
ing hydrogen environments — ®ALEXANDRA STARK!:2, PETRA
SoNNwEBER-RiBIc!, and CHRrisTIAN ELsissEr? — !Robert Bosch
GmbH, CR, 71272 Renningen — 2Fraunhofer IWM, 79108 Freiburg

In this theoretical study, the influence of hydrogen on the fatigue be-
havior of a ferritic steel is examined by using a coupled hydrogen-
diffusion and crystal-plasticity finite-element (CPFE) model. The
damaging effect of hydrogen on structural materials, particularly fer-
ritic and martensitic steels, poses a significant challenge for a wide
range of technical applications. Despite being known for about 150
years, the underlying mechanisms of hydrogen embrittlement remain

the subject of scientific debates. CPFE models are suitable for ensur-
ing a microstructure-sensitive modelling and enabling the description
of local plastic deformation, both essential factors in the complex pro-
cess of metal fatigue. The presented study investigates the individual
and combined effects of different damage models based on proposed hy-
drogen embrittlement failure mechanisms [1]. Furthermore, the work
explores the impact of diverse environmental conditions on the cyclic
material damage. The effects of varying local hydrogen concentration
and distribution on the fatigue damage, as implemented in the CPFE
model, are examined and discussed. [1] A. Stark, P. Sonnweber-Ribic,
and C. Elsasser, Theoretical study of individual and combined effects
of HELP- and HEDE-based damage models on the fatigue behavior of
ferritic steel by hydrogen, submitted (2024).

MM 5: Invited Talk: X. Fang (joint session MM/KFM)

Time: Monday 15:00-15:30

Invited Talk MM 5.1 Mon 15:00 H10
Room-temperature dislocations in oxide ceramics: from un-
derstanding to active engineering — eXurEer Fang — Institute
for Applied Materials, Karlsruhe Institute of Technology, Karlsruhe,
Germany

In the conventional picture, dislocations are most relevant for metals
while ceramics are considered brittle and exhibit little or no plastic-
ity at room temperature. However, recent years’ research on dislo-
cations in ceramics suggests that dislocations may have been much
under-appreciated in ceramics. Proofs-of-concept for dislocation-tuned
functional properties suggest that dislocations may hold great techno-
logical potential in advanced ceramics. As the prerequisite to har-
vest dislocation-tuned properties, engineering dislocations into ceram-

MM 6: Phase
Time: Monday 15:45-18:30

MM 6.1 Mon 15:45 HI10
Phase transitions in 2D halide perovskites using machine
learned potentials — eERIk FraNnssoN, JurLiaA WIKTOR, and PauL
EruHART — Chalmers University of Technology, Gothenburg, Sweden

Hybrid halide perovskites are a promising class of materials for vari-
ous applications, including high-efficiency solar cells, lasers, and light-
emitting diodes. So-called two-dimensional (2D) halide perovskites,
composed of a small number of perovskite layers stacked on top of
each other and separated by organic cations that act as spacers, have
much improved stability compared to their 3D counterparts. Here,
we focus on the prototypical perovskite methylammonium lead halide
(MAPI), and demonstrate that the dimensionality of these 2D materi-
als and the choice of organic linker molecules can have a strong impact
on phase transitions in these systems. This is investigated through
large-scale molecular dynamics simulations using machine-learned po-
tentials. We analyze the phase transition temperatures and charac-
teristics with varying numbers of perovskite layers to understand how
the transition properties change as a function of the system’s dimen-
sionality. For a larger number of perovskite layers, the 3D bulk phase
transition temperature is recovered, whereas, for only a few perovskite
layers, the phase transition temperature shifts up by about 100 K. Ad-
ditionally, we observe surface effects, such as the surface layers (clos-
est to the organic linker) exhibiting stronger octahedral tilting and
undergoing phase transitions at higher temperatures (about 100 K)
compared to the interior bulk layers.

MM 6.2 Mon 16:00 H10
Quantum phase diagram of sulfure hydride — eMarco CHERU-
BINI and MicHELE CasuLa — IMPMC, CNRS, Paris, France

In the recent rush towards room temperature superconductivity,
hydrogen-based materials are the most prosiming candidates. Sulfulr
hydride exhibits a maximum superconductive critical temperature of
about 200K at 150 GPa. To our knowledge, a comprehensive theoret-
ical characterization of the phase diagram of sulfur hydride in a wide
temperature range is still missing in literature. To address this, we
performed path integral molecular dynamics simulations (PIMD). The

Location: H10

ics without brittle fracture has thus become a pressing bottleneck.
To tackle this challenge, we have separately examined the dislocation
behavior including dislocation nucleation, multiplication and motion,
enabling us to tune dislocations into ceramic oxides at room temper-
ature. We can now achieve a dislocation density up to “10°15/m~2
with a plastic zone size of up to milli-/centimetres using a mechanical
deformation toolbox. We further extend the material toolbox by dis-
covering and reporting more oxide perovskites that can be plastically
deformed at room temperature across the length scale. The combined
deformation and material toolboxes offer a new platform for studying
the dislocation-tuned functional properties (e.g., electrical and ther-
mal conductivity) and the mechanical properties (such as plasticity,
toughness, and damage tolerance) over a wide range of length scales.

Transformations

Location: H10

description of the low temperature regime has been made feasible by
the use a machine learning potential trained on ab-initio data. We
found three different regimes. At high pressure, the phase diagram is
dominated by a paraelectric phase, with symmetric hydrogen bonds.
Reducing the pressure, we observed first a regime characterized by
finite local dipole moments and finally, at even lower pressures, the
ferroelectric regime. Quantum simulations show that the formation of
finite local moments is temperature-independent, unlike the transition
to the ferroelectric regime. Classical simulations, by contrast, showed
stronger temperature dependence for both the transitions and signif-
icantly higher critical pressures, highlighting the impact of quantum
nuclear fluctuations.

MM 6.3 Mon 16:15 HI10

Magnetic-field induced phase transition crossover in the
triangular-lattice antiferromagnet: BazCoSbOg — eSANJAY
KuMmar!, KousHik CHAKRABORTY2, ADITI AGRAWALZ?, SHALINI
Misura3, M. P. SaravaNnan?, ARvVIND KUMAR Yoac1?, SATYAPAL
S. Rarnore?, and Rasur Natuawar! — !Functional Ceramics and
Smart Materials Lab, Department of Physics, Manipal University
Jaipur, Jaipur - 303007, India — 2UGC-DAE Consortium for Sci-
entific Research, University Campus, Khandwa Road, Indore-452001,
India — 3Department of Physics, Govt. Holkar Science College, Indore
(M.P.) 452001, India — “Department of Physics, Cluster University of
Jammu, Jammu * 180001, India

We report magnetic and structural properties of triangular-lattice an-
tiferromagnet BaszCoSbOg by means of x-ray diffraction (XRD), mag-
netic susceptibility, specific heat, x-ray photoelectron spectroscopy
(XPS), and dielectric measurements. Thermodynamic measurements
show a long-range ordered (LRO) state at Néel temperature Ty = 3 K
which was found to be shift at higher temperatures at about T = 4.1
K under the higher magnetic fields. Moreover, we have found higher
Curie-Weiss temperature cw ~-133.2 K from the inverse susceptibil-
ity fit which reveals frustration parameter about 44, suggesting mag-
netic lattice is highly frustrated. Further, a spin-glass state signature
was evident at around 6.5 K, which was found to be fully suppressed at
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a higher magnetic field ( H ~16 T). Interestingly, BazCoSbOg exhibits
a broad maximum at around Tyqe ~5 K which becomes pronounced
as the magnetic field is increased.

MM 6.4 Mon 16:30 HI10

Anomalous spin-lattice coupling in the quasi-one-dimensional
spin-1 corrugated skew-chain antiferromagnet: Ni2V207;
— eARrvIND Kumar Yocr', HEmanT SingH Kunwar!, KousHik
CHAKRABORTY!, ApITI AgrawaL!, Binoy Krisuna Dr!', PrRaGATI
SHARMA!, SHALINI Misura2, D. T. Aproja3, Mavanak KuMar
Guptat, R. Mirtar?, R. VenkaTesu', and V. G. Satur! —
TUGC-DAE Consortium for Scientific Research, University Campus,
Khandwa Road, Indore-452001, India — 2Department of Physics,
Govt. Holkar Science College, Indore (M.P.) 452001, India — 3ISIS
Neutron and Muon Facility, STFC, Rutherford Appleton Laboratory,
Chilton, Oxfordshire OX11 0QX, United Kingdom — Solid State
Physics Division, Bhabha Atomic Research Centre, Trombey, Mumbai-
400005, India

We report spin-lattice coupling through detailed structural, magnetic,
and lattice-dynamics studies of the S = 1 quasi-one-dimension lat-
tice NigV2Or compound. Our susceptibility x (7') and heat capacity
measurements (Cp/T) measurement conclusively show that the anti-
ferromagnetic transition occurs at Ty; = ~6.7 K and Tyo = ~5.8 K.
From detailed lattice dynamics, two Raman mode showed anomalous
lattice softening below ~100 K due to Ni dimerization as supported by
ordering of the J; exchange interaction. Importantly, the spin-lattice
coupling has been established below ~100 K and the spin-lattice cou-
pling constant (Asp) for various Raman modes has been deduced which
shows multiferroic behaviour below Txn1. In addition, the detailed
study of lattice dynamics by first principle calculation is presented.

MM 6.5 Mon 16:45 HI10
Chirality in the Kagome Metal CsV3Sbs — H.J. ELMERs!,
O. Txkacu!, Y. Lyrvynenko!, P. Yocr!, M. Scumirr?s3,
D. Biswas?, J. L2, S.V. Currnov?, Q. NcGuven®, M.
Horscu?, D. Kurnvaknov?, N. Wmnp%6, L. WentHaus?, M.
Scuorz?, K. RossNnaceL®®, A. Groskovski?, C. SCHLUETER?, A.
WINKELMANN?, A.-A. HacHicHIRAD®, T.-L. L2, M. Sivag3, R.
Cragessen3, M. LeE Tacon®, J. Dewmsar!, G. ScuHONHENSE!, and
0. FeEpcHENKO! — 1JGU Mainz, Germany — 2DIAMOND, Didcot,
United Kingdom — 3Physikalisches Institut Wiirzburg, Germany —
4DESY, Germany — °SLAC, Menlo Park, USA — SCAU Kiel, Ger-
many — " University of Krakow, Poland — 8KIT, Karlsruhe, Germany

Using x-ray photoelectron diffraction (XPD) and angle-resolved pho-
toemission spectroscopy, we study photoemission intensity associated
with the changes in the geometric and electronic structure of the
kagome metal CsV3Sbs upon transition to an unconventional charge
density wave (CDW) state. The XPD patterns reveal the presence of
a chiral atomic structure in the CDW phase. Using circularly polar-
ized x-rays, we have found a pronounced non-trivial circular dichroism
in the angular distribution of the valence band photoemission in the
CDW phase, indicating a chirality of the electronic structure. This
observation is consistent with the proposed orbital loop current or-
der. The results suggest an antiferromagnetic coupling of the orbital
magnetic moments along the c-axis.
[1] H.J. Elmers et al., e-print on arXiv, 2408.03750 (2024).

15 min. break

MM 6.6 Mon 17:15 HI10

Pressure-temperature phase diagram of calcium using
quantum-accurate finite-temperature free energies —
eRavyNoL Dsouzal, Marvin Pour!, Liam HuBer?, and Jorc
NEeuGeBAUER! — Max Planck Institute for Sustainable Materials,

Diisseldorf, Germany — 2Grey Haven Solutions, Vancouver, Canada,

Pure calcium has been experimentally shown to exhibit several stable
phases across a range of high pressures. While many of these phases
have been theoretically predicted using T=0 K ab inito calculations
[1], the relative stability of the distorted simple cubic phases above 30
GPa at finite temperatures remains unclear. To address this ambigu-
ity, we developed an Atomic Cluster Expansion (ACE) potential [2] for
calcium, fitting it to a structural dataset generated using the ASSYST
methodology outlined in [3]. Quantum-accurate finite-temperature
free energies were determined using the Temperature Remapping Ap-
proximation (TRA) [4]. The resulting pressure-temperature phase dia-
gram offers new insights into the phase stability of calcium at elevated

pressures and temperatures.

[1] Ishikawa et al., https://doi.org/10.1103/PhysRevB.81.092104 [2]
Bochkarev et al., https://doi.org/10.1103/PhysRevMaterials.6.013804
[3] Poul et al., https://doi.org/10.21203 /rs.3.rs-4732459/v1 [4] Dsouza
et al., https://doi.org/10.1103/PhysRevB.105.184111

MM 6.7 Mon 17:30 HI10
Phase-stability Study of the Marcasite-Structure Solid Solu-
tions (Fe, TM)Sby (TM = Cr, Ni) Synthesized via Combinato-
rial Co-Deposition and Antimonization — eMarrIN KosTkal,
LuQmaN MusTtaral, Maik GoromBiEwski!, JiLL FORTMANNZ, Au-
RELIJA MOoOCKUTE2, ALAN Savan?, ALFRED LUDWIG2, ADREAS
Kreyssic!, and ANNa BouMmeR! — !Experimental physics IV, Ruhr
University Bochum, 44801 Bochum — 2Materials Discovery and Inter-

faces, Institute for Materials, Ruhr University Bochum, 44801 Bochum

Transition-metal di-pnictides of the pyrite-marcasite family are model
systems for crystal chemistry. We investigate phase formation and
stability of transition-metal di-antimonides in the orthorhombic mar-
casite structure. We employ a two-step synthesis of granular films,
using combinatorial co-deposition of the transition metals and subse-
quent antimonization at different temperatures. This technique allows
efficient exploration of substitution ranges and lattice parameter evolu-
tion within the marcasite structure. We investigate the formation and
crystal structures of the (Fe,Ni)Sbo and (Fe,Cr)Sba substitution series.
We evidence the continuous substitution of FeSbo (class A marcasite)
with Ni up to Feg.5Nip.5Sba, and a clear phase separation between
Fep.5Nig.5Sbe and a Ni-rich Nij_,Fe,Sby phase (class B marcasite).
Cr-substituted FeSbg shows a subtle phase separation into an Fe-rich
Fei_,CrySbs and a Cr-rich Cry_,Fe.Sba-phase (both class A marca-
site) when synthesized at 500°C, but not at higher Temperatures. We
acknowledge support from DFG (TRR288,A02).

MM 6.8 Mon 17:45 HI10
Investigation of glass formation in Pd40Ni40P20 metallic
glass via fast scanning calorimetry — eHonNasnuar Li, SHER Ba-
HADUR RauT, and GERHARD WILDE — Institute of Materials Physics,
University of Miinster, Wilhelm-Klemm-Str. 10, 48149 Miinster, Ger-
many

Pd-Ni-P metallic glasses (MGs) exhibit exceptional glass-forming abil-
ity; in fact, Pd40Ni40P20 was the first bulk metallic glass-forming
alloy discovered. Understanding glass formation in these materials
requires exploring factors that impede correlated atomic motions in
glass-forming liquids. This study investigates the atomic relaxation
and thermal history of Pd40Ni40P20 MG, utilizing data from multiple
cycles of heating around the glass transition temperature, activation
energy determined by flash differential scanning calorimetry (DSC),
and critical cooling rates. Additionally, we examine the effects of an-
nealing time on the DSC signals at high heating rates of up to 1000
K/s. Our results demonstrate that adjustments in cooling rates and
annealing duration significantly influence glass transition behavior and
thermal stability. These findings enhance our understanding of the
mechanisms underlying glass formation in Pd-Ni-P MGs and their po-
tential applications in advanced materials.

MM 6.9 Mon 18:00 HI10
Tuning excitonic transition by Cr doping and associated lat-
tice softening in the vdW chalcogenide: Ta2NiSe5 — elsHa
Isual, Kousnik CHAKRABORTY!, ApiTi AGrawaLl, M. IsoBe?, and
ArvinD Kumar Yoar! — 'UGC-DAE Consortium for Scientific Re-
search, University Campus, Khandwa Road, Indore-452001, India —
2Max-Planck-Institut fiir Festkorperforschung, Heisenbergstr. 1, D-
70569 Stuttgart, Germany

We have successfully grown defect free ultra-high quality single crystals
of Cr doped Ta2NiSe5, maximum of 10% at Ni site in the lattice. Our
preliminary STM results unambiguous provide clear signature of CDW
phase, vdW layers and the vdW gap for Ta2NiSe5 which was found
to be 73.5 A. We found a clear anomaly at the critical temperature
Tc = 326 K in our transport measurement over rod shaped crystals
- a transition into an excitonic insulator ground state as reported for
parent Ta2NiSe5 compound. It is noteworthy to highlight our find-
ing that Cr doping significantly suppresses the insulating ground state
and the 10% doping reduces the resistivity of three orders. In addition,
our detailed high-temperature Raman scattering for parent as well as
Cr doping reveals sharp Raman modes and significant shift and sup-
pression for 230 cm-1 phonon mode which might be associated with
electron-phonon coupling, which may helps in resistivity drop as evi-
dent in our transport data. In addition, our detailed Raman scattering
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study suggests the persistence of lattice softening which may be due
to strong electron-lattice coupling, and the origin is presumably due
to strong excitonic fluctuations.

MM 6.10 Mon 18:15 HI10
Magnetic Imaging of the Local Insulator to Metal Transition
in CaRuO by NV Magnetometry — eHayDEN BINGER!, Cissy
Suen?, ELINA ZuAKINA!, Luke TurnsuLL!, YEJN Lee!, Younc-
Gwan Cnor!', Max KRAUTLOHER?, BERNARD KEIMER?, CLAIRE
DonNELLY!, and Urt VooL! — Max Planck Institute for the Chem-
ical Physics of Solids,Dresden, Germany — 2Max Planck Institute for
Solid State Research, Stuttgart, Germany

The current-driven insulator to metal transition in CasRu2Oy is a fas-
cinating phenomenon where increasing current driven across a sample
causes a smaller voltage difference to develop. While this transition has
been well studied in bulk CasRu204 through transport, and recently
investigated by ARPES, little is known about the local character of
the transition - especially in nanoscale devices. In this work we utilize
scanning NV magnetometry to measure the local magnetic field in-
duced by the local current in 100 nm thick lamellas of CagRu204. We
observe a nonuniform field distribution that reveals the local current
channels, allowing us to image the local character of the insulator to
metal transition in CagRu204.

MM 7: Materials for the Storage and Conversion of Energy

Hydrogen related Surface Effects
Time: Monday 15:45-17:00

MM 7.1 Mon 15:45 H22
Effect of stress induced nanohydride formation on dislocation
nucleation and pinning in FeCr alloys — eALI TEaraNcHI!, JING
Rao0?, LeEksumi SREEKALAZ, JazmIN DUARTE?, GERHARD DEHM?Z,
JorGe NEUGEBAUER?, and TiLMANN HickiL! — 'BAM Federal Insti-
tute for Materials Research and Testing, ali.tehranchi@bam.de, Ger-

many — 2Max Planck Institute for Sustainable Materials

The detrimental effects of hydrogen (H) on the mechanical proper-
ties of metals are universally acknowledged. However, the mechanisms
behind these effects remain unclear. In situ nano-indentation experi-
ments are powerful tools for probing the effect of H on the hardness and
plasticity of metals. In this work, ab initio calculations and stress de-
pendent phase diagrams in chemical potential space are used to clarify
the effect of nanohydrides on the pop-in load of in situ nanoindenta-
tion of FeCr alloys. It is shown that the anisotropic stress field of the
indenter with a radius of 170 nm facilitates the formation of nanohy-
drides with significantly lower elastic constants and containing high
eigen shear strain. The shear stress associated with these inhomoge-
neous inclusions is responsible for the experimentally observed reduc-
tion in critical shear for dislocation nucleation and the pop-in loads in
these indentation experiments. On the other hand, for indenters with
a larger radius, the pop-in load is increased due to the pinning of the
pre-existing dislocations by the same nanohydrides which are not capa-
ble to form underneath the indenter because of the lower magnitude of
its induced stress field. The formation of nanohydrides under loading
has significant implications for H-embrittlement and H-storage.

MM 7.2 Mon 16:00 H22
Spherical nanoindentation during electro chemical nanoin-
dentation — eVERENA MAIER-KIENER, STEFAN ZEILER, and ANNA
JELINEK — Montanuniversitit Leoben, Leoben, Osterreich

Nanoindentation enables efficient characterization of material flow be-
havior, offering reliable results with minimal effort. While established
for hardness and Young*s modulus, its potential for deriving local-
ized flow curves remains underexplored due to challenges in correlat-
ing spherical indentation and uniaxial data. A calibration procedure
addressing tip imperfections allows strain-rate-controlled experiments
and accurate constraint factor evaluation. Using an innovative in-situ
electrochemical charging method, side-charging cell, it is shown that
electrochemical charging increases hardness and flow stress while re-
ducing the constraint factor, providing valuable insights into deforma-
tion behavior.

MM 7.3 Mon 16:15 H22
Hydrogen-based reduction of iron oxide surfaces studied by
ab-initio calculations — e AHMED ABDELKAWY, MIRA TODOROVA,
and JORG NEUGEBAUER — Max Planck Institute for Sustainable Ma-
terials, Max-Planck-Str.1, 40470 Diisseldorf

The production of pure iron from the iron oxide ores is a very energy-
intensive process. Additionally, the dependency on carbon and carbon
monoxide as reducing agents results in CO2 as an intrinsic byproduct
of the reaction. Consequently, the steel industry is responsible for more
than 6% of the global CO2 emissions. Using Hydrogen (H) as a reduc-
ing agent would result in water being released instead. Two important
aspects in this context are (i) the relative thermodynamics stability
of iron oxide facets under different conditions, as this will determine
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their abundance and (ii) the interaction of H with the oxide surfaces,
as these will catalyse the reaction. This work, which is an initial step
toward understanding the complex process of the H-based reduction
of iron oxides, focuses on Hematite (Fe203). Using density functional
theory (DFT) calculations we explore the surface stability of different
facets under relevant thermodynamic conditions. Additionally, we use
transition state theory to describe different H reaction paths and their
activation barriers. Keeping in mind the impact the description of the
electronic structure may have on the considered quantities, the calcula-
tions were performed using both GGA-PBE and GGA-PBE-+U. While
our results indicate that both methods result in the same preferential
reaction path, the electron localization from the (+U) term results in
a significant reduction in the activation barrier.

MM 7.4 Mon 16:30 H22
Atomic Cluster Expansion potential for hydrogen-based
direct reduction of iron oxides — eBAPTISTE BIENVENU!,
Mira Toboroval, J6rG NEUGEBAUER!, MaTrous MRovEc?, YURY
Lysocorskry?, RaLr DrauTz2, and Dierk RaaBe! — !Max Planck
Insitute for Sustainable Materials, Max-Planck-Strafte 1, 40237 Diis-
seldorf, Germany — 2Interdisciplinary Centre for Advanced Materials
Simulation, Ruhr Universitdt Bochum, 44780 Bochum, Germany

Modeling atomistic mechanisms underlying hydrogen-based direct re-
duction of iron oxides poses many great challenges, due to the com-
bined structural and electronic complexities of the bulk materials, but
also due to the involved chemical reactions. To allow for atomic scale
modeling of such processes over the relevant length and time scales,
an accurate yet affordable interatomic potential is needed.

Following our previous work, which focused on the development of
an Atomic Cluster Expansion (ACE) potential for iron and its oxides,
we present in this work the extension of the model to include hydro-
gen. Based on an extensive DFT-computed database encompassing
both iron and its oxides in a wide range of atomic environments involv-
ing hydrogen, we fit the extended ACE potential, also including mag-
netic degrees of freedom. To demonstrate the capabilities of the ACE
potential, we focus on its ability to capture some basic mechanisms
involved in the hydrogen-based reduction of iron oxides in various en-
vironments, including iron oxides-hydrogen (reactions at surfaces, bulk
defects), iron oxides-water (surface oxidation), iron-water (surface re-
actions) and iron-hydrogen (trapping, interactions with defects).

MM 7.5 Mon 16:45 H22
Investigating phase diagram and phonons in superconducting
Lanthanum Hydride through an accurate treatment of anhar-
monicity and nuclear quantum effects — e ABHISHEK RacHAV!,
Kousuke Nakano?, and MicHELE Casural — lInstitut de Minéralo-
gie, de Physique des Matériaux et de Cosmochimie (IMPMC), Sor-
bonne Université, Paris, France — 2Center for Basic Research on Mate-
rials, National Institute for Materials Science (NIMS), Tsukuba, Japan

Hydrogen rich materials with clathrate structures are an important
class of superconducting materials. Lanthanum hydride (LaHig) is
one such material, demonstrated to show superconductivity at 250 K
and 170 GPa. Phase diagram, phonon spectrum and electron-phonon
coupling are important ingredients used to predict superconductivity,
being of BCS type. However, computing these accurately for hydro-
gen clathrate materials requires including anharmonicity due to nuclear
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quantum effects (NQE). In this work, we use the path integral molec-
ular dynamics (PIMD) and the stochastic self-consistent harmonic ap-
proximation (SSCHA) to study NQE and finite temperature on the
phase stability and phonons. In order to speed up PIMD and SS-
CHA calculations, we employ a machine learning potential generated
using MACE. This allows us to explore the theoretical LaH19 phase

diagram over an unprecedentedly wide range of temperatures and pres-
sures. We found that, when quantum effects are included, hydrogen
cage symmetrization occurs at lower pressures than in classical simu-
lations, placing the maximum of T measured in experiments close to
the quantum transition region.

MM 8: Materials for the Storage and Conversion of Energy (joint session MM /KFM)

Lithium-based Materials
Time: Monday 17:15-18:30

MM 8.1 Mon 17:15 H22
Lithium diffusion pathways in modern solid state Li con-
ductors — eMyYKHAYLO MONCHAK!, VOLODYMYR BARAN?Z, STE-
FAN STRANGMULLER®, and ANATOLIY SENYSHYN? — lInstitut fiir
Angewandte Materialien, Karlsruhe Institute of Technology, 76344
Eggenstein-Leopoldshafen, Germany — 2Deutsches Elektronen Syn-
chrotron, 22607 Hamburg, Germany — 3Heinz Maier-Leibnitz Zen-
trum, Technical University of Munich, 85748 Garching, Germany

The rapid development of energy storage demands cheaper, more ro-
bust electrode and electrolyte materials with improved electrochem-
ical performance. Energy storage and conversion primarily rely on
diffusion-based processes, making understanding diffusion pathways
crucial. However, determining diffusion pathways in polycrystalline
(non-cubic) materials is challenging using bulk or local measurements.
Theoretical approaches like molecular dynamics simulations face nu-
merous computational limitations. Alternatively, diffusion processes
can be predicted from crystal structures using scattering density maps
(electron for X-ray or nuclear for neutrons). These maps analyzed via
probability density functions or reconstructed through the maximum
entropy method (MEM) are highly reliable. MEM is particularly ef-
fective for powder-averaged diffraction data, detecting weak structural
disorders. This study applies high-resolution neutron powder diffrac-
tion and MEM analysis to explore state-of-the-art lithium conductors
considered for application in all-solid-state Li-ion batteries, providing
insights into their diffusion pathways and systematics.

MM 8.2 Mon 17:30 H22
"Effortless Embedding": Non-Parametric Solid-State Em-
bedding for NMR Computations using All-Electron DFT —
eFEDERICO Crvaial, SimoNE S. KocHER?!, KARSTEN REUTER!, and
CHRISTOPH SCHEURER''? — !Fritz-Haber-Institut der MPG, Berlin —
2Institute of Energy Technologies (IET-1), Forschungszentrum Jiilich
GmbH, Jiilich

Solid-state electrolytes are crucial in lithium-ion battery research, be-
cause of the pressing need for safe and durable high-energy storage
solutions. Understanding Li-ion dynamics in these materials is essen-
tial for developing improved battery technologies. Owing to its non-
destructive nature and sensitivity to atomic environments, solid-state
nuclear magnetic resonance (SS-NMR) spectroscopy has become an in-
valuable tool for probing diverse Li-ion environments and investigating
Li-ion mobility.

To facilitate the interpretation of experimental Li SS-NMR spec-
tra, we are developing a method for computing NMR parameters of
diamagnetic Li compounds using the linear-scaling, all-electron, den-
sity functional theory code FermiONs++ [1]. To allow the description
of both crystalline and disordered materials, we employ a SS embed-
ding method. In this regard, we present a consistent, non-parametric
hybrid Quantum Mechanics/Molecular Mechanics (QM/MM) method-
ology for systematic and reproducible structure generation and SS em-
bedding calculations.

[1] J. Kussman et al., J. Chem. Phys. 138, 134114 (2013); J. Chem.
Theory Comput. 11, 918 (2015).

MM 8.3 Mon 17:45 H22

Insights into Li-ion battery cathode redox chem-
istry via charge transfer multiplet simulations of
LiNi; ;3sMn; /3Co0,/302 — eRurwen Xie!, MAXIMILIAN MELLIN?,

WoOLFRAM JAEGERMANN2, JaN. P Hormann?, and HoNGBIN
ZuaNg! — 1Theory of Magnetic Materials Group, Department of Ma-
terials and Geosciences, Technical University of Darmstadt — 2Surface
Science Laboratory, Department of Materials and Geosciences, Tech-
nical University of Darmstadt
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The evolution of electronic structure during discharging and charging
processes with Li intercalation and deintercalation in transition metal
oxide cathode materials involves changes in oxidation states, non-rigid
band behavior, and oxygen’s role in charge compensation, which sig-
nificantly impact cathode performance. To gain deeper insights, we
combine experimental x-ray photoelectron spectroscopy (XPS) at var-
ious voltages with many-body electronic structure simulations. The
electronic structures of Li,CoO2 and LizNiOs were calculated us-
ing Density Functional Theory and Dynamical Mean-Field Theory
(DFT+DMFT). We found that Li intercalation and deintercalation
shift the hybridization between Co/Ni d and O p orbitals relative to
the Fermi energy, altering Co/Ni d occupancy. Based on this, we
performed XPS calculations using the multiplet ligand-field model in
Quanty to revisit the transition metal 2p satellite structure evolution.
This study provides crucial insights into the interplay between elec-
tronic structure and Li intercalation dynamics for enhancing cathode
performance.

MM 8.4 Mon 18:00 H22
Modelling LLZO Grain Boundaries with Amorphous Do-
mains by Adaptively Trained Machine-Learning Interatomic
Potentials eYuanDoNG WaNG, Yure CHAN, Hao Wan,
KyeEoNngHYEON NaM, KARSTEN REUTER, and CHRISTOPH SCHEURER
— Fritz-Haber-Institut der MPG, Berlin

Garnet LirLazZr20O12 (LLZO) is a highly promising solid state elec-
trolyte (SSE) for lithium batteries. However, its practical applica-
tion faces challenges, primarily arising from Li dendrite formation and
the impact of grain boundaries (GBs) on Li transport and stability.
Amorphous LLZO combines several desirable properties like blocking
Li dendrite growth, high Li mobility and high electronic impedance.
Controlling amorphous domains between crystalline grains could there-
fore offer an intriguing approach to tune electrolyte performance. For
this, an atomistic understanding of the interplay between composition,
structure and the properties of LLZO glass-ceramics is crucial.

This study introduces a Machine Learning Interatomic Potential
(MLIP) tailored to accurately represent amorphous and GB structures
in LLZO. Developed through an iterative training protocol using sim-
ulated annealing, this MLIP includes diverse structures in its training
set, ensuring comprehensive modeling of complex LLZO phases. The
MULIP enables large-scale molecular dynamics simulations, allowing the
construction of realistic amorphous and GB models, and providing a
foundation for in-depth analysis of LLZO structural and electrochem-
ical behavior.

MM 8.5 Mon 18:15 H22
Early Stage of Li Cluster Nucleation at the Li Anode-Solid
Electrolyte Interface in Solid-State Batteries — eYun An':2
Tarpine Hu2, QuanqQuan Pancg?, and SHENzZHEN Xu2 — lFritz-
Haber- Institut der MPG, Berlin, Germany — 2School of Materials
Science and Engineering, Peking University, Beijing, China

Li dendrite formation inside all-solid-state lithium batteries (ASSBs)
strongly impedes their practical applications. Despite this recognized
challenge, a comprehensive understanding of the Li dendrite nucleation
mechanism remains elusive. In particular, the initial sites of Li den-
drite formation are still ambiguous: do Li clusters form directly at the
Li anode surface, or do they nucleate at a distance from the Li metal
surface?

Here, based on deep-potential molecular dynamics simulations com-
bined with enhanced sampling techniques, we investigate the atomic-
level mechanism of Li cluster nucleation sites in ASSBs. We observe
isolated Li clusters initially forming inside the solid electrolyte inter-
phase (SEI), located approximately 1 nm away from the Li anode/SEI
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boundary, rather than directly connected to the Li anode. The local
electronic structure of the spontaneously formed SEI is a key factor en-
abling the Li cluster formation within SEI. Our work provides atomic-

level insights into initial Li-dendrite nucleation sites in ASSBs and
could guide future design for developing Li-dendrite-inhibiting strate-
gies.

MM 9: Poster

Time: Monday 18:30-20:30

MM 9.1 Mon 18:30 P1
Well-defined nanostructures synthesized by optimized anodic
aluminum oxide template — eLINFENG Su, HuapriNe ZHAO, and
YonNag Ler — Fachgebiet Angewandte Nanophysik, Institut fiir Physik
& IMN MacroNano, Technische Universitat Ilmenau, 98693 Ilmenau,
Germany

The template method has unique advantages in the design and syn-
thesis of materials with specific nanostructures but with some disad-
vantages. In recent years, through in-depth research and improvement
of its preparation methods, the five shortcomings of the traditional
anodic aluminum oxide (AAO) template method, such as short-range
order and long-range disorder, insulator, single-set of pores, large dead
volume, and limited capability to tune pore shape and arrangement,
have been successfully addressed by our group. Large-scale control
of the shape, size, spatial configuration, and combination of in-plane
and out-of-plane pores of well-defined nanostructures can be achieved,
thereby broadening the diversity of nanostructures|l, 2|. In addition,
we have improved the mechanical strength of the prepared AAO tem-
plate, so that it can maintain the stability of the nanostructure under a
pressure of 10 MPa|3]. The optimized AAO template method provides
practical guidance for the design and preparation of catalysts under
complex application conditions. [1] Nat. Commun., 2022, 13(1), 2435;
[2] Nat. Nanotechnol., 2017, 12(3), 244; [3] Nat. Commun., 2020,
11(1), 299.

MM 9.2 Mon 18:30 P1
Ferroelectric perovskite oxides: PFM investigations of
(001) surface — eANDRzEJ Jasicki', Marta Macyk!, LLORENG
ALBons?, KoNrRAD SzaiNal, MARTIN SETVINZ, DoMINIK WRANAL,
and FranciszEk Krok! — !Marian Smoluchowski Institute of
Physics, Jagiellonian University, Krakow, Poland — 2Department of
Surface and Plasma Science, Charles University, Prague, Czech Re-

public

Growing demand for energy from green sources drives development in
this sector. Hydrogen, as one of the most promising fuels, is mostly
produced with the use of electricity during electrolysis, what lowers
the overall efficiency of whole process. To reduce energy costs, one
should search for an efficient water-splitting catalyst.

Although ferroelectric perovskite oxides show great potential in pho-
tocatalysis, it can be further enhanced via piezo- and pyrocatalysis.
In order to understand their role in water-splitting process, a thor-
ough investigation of ferroelectricity manifested at surfaces is neces-
sary. Piezoresponse Force Microscopy (PFM), a method based on in-
verse piezoelectric effect, provides an opportunity to have a closer look
into surface domain structure of such materials.

This poster displays PFM and SEM data obtained by investiga-
tions into domain structure on surfaces of single-crystalline, ferroelec-
tric perovskites, namely KNbO3 and BaTiO3. Measurements on both
polished and cleaved (001) surfaces were conducted in room temper-
ature and under ambient atmosphere. Influence of different poling
voltages and exposure to water is also discussed.

MM 9.3 Mon 18:30 P1

Pressure-induced hybridization changes in elemental sili-

con at Mbar pressure — RoBIN Sakrowski!, CHRISTOPH J.
SAHLE?, eGorDON ScHoLz!, LEONIE T1pp3, MiRcO WAHABS3, SINDY
FunrMANN®, and CHRIsTIAN STERNMANN! — IFakultdt Physik /

DELTA, Technische Universitdt Dortmund, Maria-Goeppert-Mayer-
Strafie 2, 44221, Dortmund, Germany — 2ESRF, The European Syn-
chrotron, 71 Avenue des Martyrs, CS40220, 38043 Grenoble Cedex 9,
France — 3Institut fiir Glas und Glastechnologie, TU Bergakademie
Freiberg, Leipziger Strafie 28, 09599, Freiberg, Germany

Silicon, a fundamental semiconductor material, undergoes intriguing
structural and electronic transformations when subjected to high pres-
sure [1]. These changes are investigated using X-ray Raman scattering
(XRS) spectroscopy on pure Si powder loaded into a diamond anvil
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cell for pressures up to 108 GPa. The XRS spectra of the Si Lg 3-
edge are compared with ab-initio theoretical calculations based on the
Bethe-Salpeter equation. Observations include an increase in coordi-
nation number from 4-fold to 12-fold and metallization. Additionally,
changes in the occupation probability of d-states under pressure are
noted, as silicon valence electrons from the 3s and 3p orbitals are trans-
ferred.

This work is supported by the BMBF projects 05K22PE2 and
05K220F1. [1] J.S.Tse et al., J. Phys. Chem. C 118, 1161 (2014)

MM 9.4 Mon 18:30 P1

of displacive phase transformation
, MicHAEL DITTLER!, AHANA BHATTACHARYA!,
ALEXANDER KuUNzMANNZ2,  GaBI ScHIERNING?, and MARTIN
MITTENDORFF! IDepartment of Physics , University of Duisburg

— 2Institute for energy and material process, University of Duisburg

THz signatures
eNANDITA Bajparl

Phase Change Materials are widely applied in contemporary technolog-
ical advancements such as sensors, activators, and electronic devices.
The Terahertz time-domain spectroscopy (THz-TDS) reflectivity and
transmissivity measurements provide valuable insights into carrier dy-
namics such as mobility and carrier concentration. The temperature-
induced phase change results in significant changes in reflectivity and
transmissivity that are linked to the presence of free electrons.

Furthermore, the change in the complex conductivity points towards
the predicted formation of a charge density wave (CDW) phase, which
is a manifestation of periodic modulation of the electron density. This
provides more details toward understanding the role of electrons in the
phase transformation.

MM 9.5 Mon 18:30 P1
Impact of hyperthermal oxygen on alumina surfaces investi-
gated by molecular dynamics simulations — eSTEPHEN HOCKER,
Hansiora Lipp, and JoHANNES RoTH — Institut fiir Funktionelle
Materie und Quantentechnologien, Universitat Stuttgart

Oxygen atoms impinging on satellite surfaces in very low earth orbit
(VLEO) transfer momentum and energy leading to material degrada-
tion as well as drag forces which result in orbital decay of the satellite.
The first step in finding solutions to counteract significant drag is to
gain understanding of the interaction of atomic oxygen (AO) with ma-
terial surfaces. We investigate the adsorption rate and the angular
distribution of reflected AO on crystalline and amorphous alumina
surfaces using molecular dynamics simulations. It is found that the
angular distribution depends strongly on the surface structure and the
incidence angle. A higher ratio of specular reflection is found in case
of smooth surfaces and large incidence angles.

MM 9.6 Mon 18:30 P1
Ultrafast phonon-mediated dephasing of color centers in
hexagonal boron nitride probed by electron beams —
eMasoup TaLe!, Mario HenTscHEL3, HArRALD Giessen3, and
Naup TaLesih2 — lnstitute of Experimental and Applied Physics,
Kiel University, 24098 Kiel, Germany — 2Kiel Nano, Surface and In-
terface Science KiNSIS, Kiel University, 24118 Kiel, Germany — 34th
Physics Institute and Research Center SCoPE, University of Stuttgart,
70569 Stuttgart, Germany

Defect centers in hexagonal boron nitride (hBN) have gained signifi-
cant interest as room-temperature single-photon sources, with strong
coupling to phonons evident in their photoluminescence and cathodo-
luminescence spectra. Despite extensive studies, the electron-phonon
coupling dynamics and phonon-mediated dephasing of these centers
remain underexplored. In this study we experimentally employed an
electron-driven photon source (EDPHS) to generate a coherent super-
position of phonon states, with the delay between electron and photon
pulses controlled to measure dephasing times. The findings reveal an
ultrafast dephasing time of 200 fs and a radiative decay of 585 fs at
room temperature, contradicting other optical techniques reporting a
decay of a few nanoseconds. This rapid dephasing is attributed to



Regensburg 2025 — MM

Monday

the efficient excitation of coherent phonon-polaritons in hBN by elec-
tron beams. The research demonstrates the capability of sequential
CL spectroscopy for probing the ultrafast dynamics of single emitters
in quantum materials, facilitating future applications in quantum net-
works and devices.

MM 9.7 Mon 18:30 P1
Raman spectroscopic studies on NiFe30,4-NiO-Ni and MgO-
Steel composites as inert anode materials for aluminium
molten salt electrolysis — eFELIX DRECHSLER', ULzIIKHUU
OTconBaYAR?, CaMmELIU Himvcinscur!, and Jens Korrus! — 1TU
Bergakademie Freiberg, Institute of Theoretical Physics, D-09599
Freiberg, Germany — 2TU Bergakademie Freiberg, Institute of Non-
ferrous Metallurgy and Purest Materials, D-09599 Freiberg, Germany

The use of inert anodes in aluminium molten salt electrolysis offers pos-
itive environmental effects compared to the commercially used graphite
anode, especially by avoiding CO, CO2 and perfluorocarbon (PFC)
emissions. Cermet anodes consisting of NiFe2O4, NiO, and Ni were
manufactured by powder metallurgy and sintered at different condi-
tions using the Spark Plasma Sintering (SPS) technique. Further-
more, another type of anode was produced using MgO and steel pow-
der mixture to form metalloceramic composites. These anode materi-
als were investigated by micro-Raman spectroscopy to identify phases
formed during the sintering process, such as nickel ferrite spinels.
Temperature-dependent Raman measurements were performed to ex-
amine the micro-structure behaviour of the anode materials at elevated
temperatures.

MM 9.8 Mon 18:30 P1
Influence of the alloying elements on microchemistry and
nanostructure of Sm-Co based permanent magnets
eBuUrgak ExiTLi!, ALEX AUBERT!, FERNANDO Maccari!, NikiTa
PorLin?, XINREN CHEN2, ESMAEIL ADABIFIROOZJAEI®, LEOPOLDO
MorLiNna-Luna3, BaprisTe Gaurr?, KONSTANTIN Skokov!, and
OriverR GuTrLEIsCH! — 1Functional Materials, TU Darmstadt, 64287
Darmstadt, Germany — 2Max-Planck-Institut for Sustainable Mate-
rials, Diisseldorf 40237, Germany — 3Advanced Electron Microscopy,
TU Darmstadt, 64287 Darmstadt, Germany

Sm-Co 2:17 magnets are high-temperature, high-performance magnets
that are commercially available. Their hard magnetic properties are
driven by a pinning mechanism, where the complex microstructure
and microchemistry play an important role [1]. Since commercial 2:17
magnets consist of five alloying elements and three coherent phases, it
is difficult to establish a common understanding of their intrinsic and
extrinsic properties. In this study, we continue to investigate the 2:17
magnet system, focusing on a simplified alloy system that we initially
introduced [2] by adding Cu to the alloy. Our study focuses on the qua-
ternary Sm(Co,Cu,Zr)6.7 alloy, with four different compositions chosen
based on varying Cu concentrations. We investigate the microstruc-
tural properties and their influence on the hysteresis of the Sm-Co 2:17
magnet in detail, using advanced characterization techniques such as
MOKE, MFM, TEM, and APT. We reveal how Cu concentration in-
fluences the microstructure and phase formation, ultimately affecting
the magnetic properties.

MM 9.9 Mon 18:30 P1
Bonding changes in solid nitrogen under high pres-
sure GorpoN Scuorz!, RoOBIN Sakrowski!, JOHANNES
NiskaNEN2, CHRISTOPH SAHLE®, LEONIE Tipp%, Mirco WAaHAB?,
MELANIE WHITE?, ePETER SCHAFER!, ASHKAN SALAMAT®, SINDY
FunrMANN?, and CHRISTIAN STERNEMANN! — 1TU Dortmund, Dort-
mund, Germany — 2University of Turku, Turku, Finland — 3ESRF,
Grenoble, France — 4TU Bergakademie Freiberg, Freiberg, Germany
— SUniversity of Nevada Las Vegas, Las Vegas, USA

Nitrogen has a complex phase diagram with 15 detected solid molec-
ular phases [1]. In this study, we tracked the electronic and structural
changes of nitrogen under high pressure using a novel combined set-up
for X-ray Raman scattering (XRS) and X-ray diffraction (XRD) at
beamline ID20 at the ESRF exploiting the diamond anvil cell method.

In the pressure regime between ambient conditions and 80 GPa we
are able to confirm the §-phase, e-phase and the {-phase with XRD.
The corresponding XRS measurements at the nitrogen K-edge show
significant changes in the bonding structure. These changes are inter-
preted via calculated XRS spectra based on molecular dynamic simu-
lations which reveal a hindrance of free rotations of the No molecules
in the e-phase.

This work is supported by the BMBF via the projects 05K22PE2

13

and 05K220F1.
[1] Turnbull et al. Nat. Commun., 9:4717, (2018)

MM 9.10 Mon 18:30 P1

Grain boundary transformation induced by boron segre-

gation — Xuvang Zuoul, eSouraBn KumaRr2, SryuaN ZHANG!,
XINREN CHEN!, BapTisTE Gaurr!, GErRHARD DeHM!, TILMANN
HickerLb2, and Dierk RaaBe! — !Max-Planck-Institut fiir Eisen-

forschung, Diisseldorf, 40237, Germany — 2Bundesanstalt fiir Materi-
alforschung und -priifung (BAM), Berlin, 12489, Germany

The segregation of solute atoms at grain boundaries (GBs) critically in-
fluences the mechanical properties of materials, including corrosion re-
sistance and fracture toughness. This study examines structural trans-
formations induced by minimal boron concentrations at 313 GBs in
ferrite thin films. Two sample protocols were investigated: one with
carbon as the sole solute and the other with carbon and boron co-
segregation. Using ab initio calculations, we meticulously explored the
competing ¥13 GB phases coexisting with defects and analyzed the
energetics of solute segregation at the GB interface. A defect phase
diagram was constructed to illustrate the influence of B concentra-
tion on GB structure evolution. We reveal that B segregation trans-
forms the GB structure from flat to zigzag trigonal prisms by forming
new chemical bonds, enhancing B-Fe bonding strength by 5%. This
transformation doubles steel’s fracture resistance and provides valu-
able insights into solute-driven GB phase evolution, contributing to
innovative strategies for designing durable, high-performance steel.

MM 9.11 Mon 18:30 P1
Investigation of spin-crossover iron triazole complexes with
carbon nanotubes — eNILOOFAR AzADEGAN!, MARVIN DzINNIK?Z,
MaxiMiLiaN Kinic?, FrRanz REnz?, and RoLr Haug® — llnstitute
of solid state physics, Hannover, Germany — 2Institute of solid state
physics, Hannover, Germany — 3Institute of inorganic chemistry, Han-
nover, Germany — “Institute of inorganic chemistry, Hannover, Ger-
many — PInstitute of solid state physics, Hannover, Germany

Iron triazole complexes exhibit spin-crossover (SCO) behavior, transi-
tioning between low-spin and high-spin states under external stimuli,
making them suitable for sensing and memory applications.

This study investigates carbon nanotubes (CNTs) decorated with
iron triazole to enhance electronic and magnetic properties. Current-
voltage measurements were performed on bare and decorated CNTs,
followed by cryostat measurements under controlled conditions. Pre-
liminary results suggest interactions between SCO behavior and CNTs,
with ongoing analysis to explore their potential in advanced electron-
ics.

MM 9.12 Mon 18:30 P1
Linking Characteristic Length Scale in Nanoporous Gold to
Alloy Composition and Dealloying Parameters — eCELINA
Passicl2, JORGEN MARKMANNZ! and Jore WEISSMULLER!:2
Hnstitute of Materials Physics and Technology, Hamburg University
of Technology, Germany — 2Hybrid Materials Systems, Institute of
Hydrogen Technology, Helmholtz-Zentrum Hereon, Geesthacht, Ger-
many

Nanoporous metals display unique material properties due to their
high volume-specific surface area and characteristic sizes of pores and
ligaments. Although theories of structure formation exist, the process
is not yet fully understood. Investigating nanoporous gold as model
system will deepen the understanding of the underlying mechanisms,
enabling a more precise manipulation of nanoporous structures and
their mechanical and functional properties. Therefore, a series of small-
angle X-ray scattering (SAXS) data was measured, comparing AuAg
alloy compositions subjected to different dealloying potentials, dura-
tions, and electrolyte concentrations. Preliminary dependencies were
formulated to investigate how these parameters influence the resulting
characteristic length scale. This ex-situ and future in-situ analysis of
microstructural evolution can be used to identify the underlying mech-
anisms by validating simulated results of the same dealloying processes,
such as those presented by Li et al. [Acta Mater. 222 (2022) 117424.].

MM 9.13 Mon 18:30 P1
Inhomogeneities at different length scales in nanocrystalline
Pd-Au prepared by inert gas condensation — JoHANNES WiLD!,
FaBIAN ANDORFER?, SVETLANA KORNEYCHUK!2:3| JULES M. DAKE?,
TorBeN BoLrL!, DoroTHEE VINGA SzaB6!1:2:3, STEFAN WAGNER!,
CarL E. KriLL II14, and eAsTrip PunpT!2 — lInstitute of Ap-
plied Materials (IAM-WK), Karlsruhe Institute of Technology —
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2Institute of Nanotechnology (INT), Karlsruhe Institute of Technol-
ogy — 3Karlsruhe Nano Micro Facility (KNMF1i), Karlsruhe Institute
of Technology — *Institute of Functional Nanosystems, Ulm Univer-
sity

Inert gas condensation (IGC) is currently the only viable method to
prepare bulk samples of nanocrystalline (NC) palladium-gold (Pd-Au).
The raw material is thermally evaporated in a vacuum chamber with
a background pressure of 10e-8 mbar that has been backfilled with
low-pressure inert gas. On collision with the inert gas, the evaporated
material condenses into small particles, which are then collected on
a rotating cold finger, scraped off and mechanically compacted into
disk-shaped samples.

In this study, we investigate the different types of inhomogeneities
in IGC Pd-Au on different length scales and compare them to samples
prepared by arc melting. To this end, we apply a variety of methods to
accurately characterize the composition, porosity, grain size, grain ori-
entation and grain growth behaviour on multiple length scales. Finally,
we attempt to explain the source of the inhomogeneities and verify by
probing the IGC experimental setup via various experiments.

MM 9.14 Mon 18:30 P1
Development, Characterization and Catalytic Evaluation of
New Nanosized metal complexes — ¢ TAREK EL-DABEA — Chem-
istry Department, Faculty of Science, King Salman International Uni-
versity, Ras Sudr, Sinai 46612, Egypt

A series of novel nano metal complexes involving Pd(II), Cu(II), Fe(III)
and Ag(I) ions were synthesized using a Schiff base ligand in a biden-
tate coordination mode. The structural and molecular characteris-
tics of these complexes were thoroughly characterized via an array of
spectroscopic and analytical techniques, confirming molecular geom-
etry and stoichiometry. Solution stability and stoichiometry of the
complexes were systematically evaluated, demonstrating stable metal-
ligand coordination. Notably, the Pd(II) complex exhibited unique
electronic characteristics, identifying it as a promising candidate for
catalytic applications. Based on these results, the Pd(II) complex
was tested as a catalyst for synthesizing Different multicomponent
reactions. This was achieved through using microwave irradiation.
The selection of Pd(II) was informed by its favorable catalytic profile
and theoretical insights. Optimization trials demonstrated that the
Pd(II) catalyst afforded high yield and efficiency under eco-friendly
(H*O/EtOH) solvent conditions. Reusability assessments showed that
the catalyst retained high activity for up to five cycles, with minimal
performance decline afterward. A mechanistic pathway was proposed,
highlighting Pd(II)’s ability for axial coordination, supported by the-
oretical evidence

MM 9.15 Mon 18:30 P1
Epitaxial Stabilization of Multifunctional Oxide, Oxynitride,
and Telluride Thin Films using a Hybrid Pulsed Laser De-
position Technique — P1a HENNING, ANNA TSCHESCHE, SHAGUN
THAKUR, NIKLAS KOHLRAUTZ, ABHISHEK SHARMA, LAURA PFLUGL,
and eJasNnamoL PALAkkAL — Institute of Materials Physics, Georg-
August-University of Gottingen, Friedrich-Hund-Platz 1, 37077 Got-
tingen, Germany

Materials science uses state-of-the-art thin film techniques, such as
pulsed laser deposition (PLD) and molecular beam epitaxy (MBE), to
artificially fabricate complex materials [1]. Epitaxial films with con-
trolled defects and orientation are practical for modifying functional-
ities. We developed a hybrid PLD system attaching molecular beam
sources (for elements with high vapor pressure) to fabricate multifunc-
tional oxide, oxynitride, and tellurides. Additionally, gases are pro-
vided through a microplasma source. This setup makes a wide range
of cation and anion engineering possible in complex materials. In this
presentation, we will address challenges in the growth of thin films
and how modifications in the defects and structure influence functional
properties by taking examples of LagNiMnOg (ordered magnetism and
electrocatalysis), CryTe (ferromagnetism and magnetic anisotropy),
and SrNbOgz (optical transparency and metallic conduction). More-
over, we will discuss how such a hybrid deposition system can be uti-
lized to grow high-entropy materials and stabilize doping beyond the
solubility limit. [1] A. Tschesche, et al., Preprint on Research Square,
https://doi.org/10.21203 /rs.3.rs-4861088 /v1

MM 9.16 Mon 18:30 P1
EXAFS-driven Investigation of ZnO-Mn203 and ZnO-
Mn203-rGO Nanocomposites: Unraveling Structural, Opti-
cal, and Electronic Properties — eSHammaa A. HaBis!, SHEHAB
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E. AL1?, MEessaoup HarroucHE?, and AEMED Awap? — 11.*Physics
Department, Faculty of Science, Damnhour University, Damanhour
22516, Egypt — 2Materials Science Laboratory, Physics Department,
Faculty of Science, Suez Canal University, 41522, Ismailia, Egypt. —
3SESAME (Synchrotron-light for Experimental Science and Applica-
tions in the Middle East), Allan, Jordan — “Physics Department,
Faculty of Science, Tanta University, Tanta 31527, Egypt

The structural, optical, and electronic properties of ZnO-Mn203 and
Zn0O-Mn203-rGO nanocomposites were investigated. The materials,
synthesized via sol-gel and self-propagation methods, exhibited porous
structures with crystallite sizes of 22-48 nm, as confirmed by XRD and
SEM analyses. UV-Vis spectroscopy revealed that rGO incorporation
reduced the optical bandgap from 2.63 eV to 1.86 eV and increased
the Urbach energy from 1.91 eV to 2.55 eV. The Wemple-DiDomenico
model showed a decrease in oscillator resonance energy from 6.64 €V to
6.15 eV and an increase in dispersion energy from 6.47 eV to 13.24 eV.
EXAFS and XANES studies at SESAME synchrotron facility provided
insights into the coordination environment and electronic structure of
the metal centers. This comprehensive characterization establishes a
foundation for applying these nanocomposites in optoelectronics, pho-
tocatalysis, and energy conversion applications, highlighting rGO’s role
in enhancing composite performance.

MM 9.17 Mon 18:30 P1
Electrochemical determination of the diffusion coefficient of
intercalating species in host metals - conditions of applica-
bility of potential step chronoamperometry — eMAGDALENA
SEILER, GIORGIA GUARDI, STEFAN WAGNER, and ASTRID PUNDT —
KIT, Karlsruhe, Deutschland

The diffusion coefficient is generally used to describe the diffusion of
intercalating species such as lithium and hydrogen in host metals. It
can be determined by a variety of methods, including electrochemical
methods. Among these, permeation methods between front and back
side of a sample are widely used. On the contrary, in potential step
chronoamperometry only one side of the sample needs to be contacted,
which is e.g. beneficial for thin film studies. In this work measure-
ments using both methods are performed for hydrogen in palladium
and compared to the literature. It is shown that the application of
the potential step chronoamperometry approach gives correct results
only under very specific restrictions regarding sample thickness and
measurement period.

MM 9.18 Mon 18:30 P1
Synthesis, and Characterization of Li/Mn-Excess Cathode
Materials for Li-ion Batteries. — eJoun Karucal, MEsrIN
KeBeDEZ, and Guipo ScumiTz® — llInstitute of Materials Science,
Department for Material Physics, University of Stuttgart — 2Institute
of Nanotechnology and Water Sustainability, College of Science, En-
gineering and Technology, University of South Africa — 3Institute
of Materials Science, Department for Material Physics, University of
Stuttgart

The study aims to mitigate O2 evolution, spinel phase, and unstable
CEI formation common in Li/Mn-excess cathodes. The poster presents
preliminary results of the pristine Li/Mn-excess cathodes, which are
practical alternatives to LFP, NCA, and Ni-excess materials for high-
performance Li-ion batteries. The Li2MnO3 phase in Li/Mn-excess
cathodes stabilizes the crystal structure, contributes to the higher dis-
charge capacities >250 mAh/g. Commercialization of Li/Mn-excess
materials remains challenging due to undesired transformation from
layered to spinel phase, O2 evolution, parasitic reactions with the
LiPF6 electrolyte. The Li/Mn excess materials were prepared via solid-
state synthesis. Characterization with SEM-EDS, Raman, HR-TEM,
and XRD confirmed the development of a material of uniform nano-
crystallites with well-layered structure and 0.472 and 0.2 nm interpla-
nar distances, which correspond to the 003 and 104 planes. The CV
analysis confirms that the redox reactions (Ni2+/Nid+; Co3+/Cod+;
Mn3+/Mn4+/5+/7+) are highly reversible. The charge transfer re-
sistance is low, indicative of better Li+ diffusion and stable CEI.

MM 9.19 Mon 18:30 P1
Magnetic anisotropy and anomalous Nernst effect in cu-
bic Fe4N films oKArREL KnNizek!, Jaku Virl, MaRria
Pasucuenko!, PrTrR LEeviNsky!, Kvo-Hoon Amun!, JarosLav
KonouT?, and ImanTs DirBa3 — lInstitute of Physics, Czech
Academy of Sciences, Prague, Czechia — 2Faculty of Mathematics and
Physics, Charles University, Prague, Czechia — 3Functional Materi-

als, Institute of Materials Science, Technical University of Darmstadt,
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Iron nitrides Fe(x)N are commercially important compounds be-
cause of their versatile magnetic, electrical, and mechanical proper-
ties. We have studied magnetic and transverse thermoelectric prop-
erties of Fe(4)N films prepared by magnetic sputtering. The well-
known anisotropic magnetoresistance [1] and rectangular magneti-
zation curves for thin oriented films led us to investigate magnetic
anisotropy by rotating the sample in external magnetic field and mea-
suring magnetization along the field. The signal is complex, exhibit-
ing harmonics beyond the expected crystal symmetry. Moreover, the
magnetic-field history crucially impacts the anisotropy. The results
are quite distinct below and above the metamagnetic phase transition
near 50K. The results of the magnetic measurements are compared
with anomalous Nernst effect experiments and DFT calculations.
[1] M. Tsunoda et al., Applied Physics Express 2, 083001 (2009).

MM 9.20 Mon 18:30 P1
Thermoelectricity in Bi-directionally Strained CsSnls; Per-
ovskite — eMicHELE RETICccIOLI', MARIANGELA RucGERI?, GIo-
VANNA D’ANcELO?, and ALESSANDRO STroPPal — 1CNR-SPIN
L’Aquila, Ttaly — 2Universita degli Studi di Messina, Italy
Thermoelectric materials play a pivotal role in energy sustainability,
converting waste heat into electricity without moving parts or emis-
Recent advances spotlight metal halide perovskites, such as
CsSnl3, as promising candidates for eco-friendly thermoelectric ap-
plications due to their low thermal conductivity and high electrical
efficiency. In this work, we explore the influence of bidirectional strain
on the orthorhombic gamma-phase of CsSnl3 using density functional
theory (DFT), complemented by experimental insights from our collab-
orators. Strain effects, ubiquitous in thin films grown on mismatched
substrates, are known to modify electronic structures and transport
properties. Our findings reveal a peculiar dependence of the bandgap
on strain direction and intensity. These changes directly impact the
thermoelectric properties, including the Seebeck coefficient and figure
of merit, emphasizing the interplay between strain-induced electronic
modulation and thermoelectric performance. This study contributes
to the growing understanding of strain effects in perovskites, offering
valuable insights into their potential for thermoelectric applications.

sions.

MM 9.21 Mon 18:30 P1
GAP vs. MACE: Efficiency evaluation in a liquid electrolyte
system — eANTON BEIERSDORFER!, Lisa HEeTzeL!, CARSTEN
Staackie?, FLORIAN DrissENBECK?, and CHRISTOPHER STEIN!
ITechnische Universitidt Miinchen, Miinchen, Germany — 2Cellforce

Group GmbH, Tibingen, Germany

Machine learning interatomic potentials (MLIP) have transformed
molecular simulations, enabling complex materials to be modeled with
increasing accuracy and efficiency. As MLIP models evolve, so does the
demand for advanced computing architectures, particularly graphics
processing units (GPUs), which can accelerate computations compared
to traditional central processing unit (CPU) based systems. However,
the high cost associated with GPU resources constrain access in both
academia and industry, highlighting the relevance of comparing GPU-
based and CPU-based MLIPs under real-world conditions.

To this end two popular MLIPs are examined: the GPU-accelerated
MACE model and the CPU-based GAP model applied to a test sys-
tem of a standard battery electrolyte. The system is selected for its
demanding electrostatic interactions in solution, which the MLIPs ap-
proximate by learning the local interaction patterns that contribute to
the overall electrostatic behavior. Therefore, it represents a significant
computational challenge and provides a rigorous benchmark for MLIP
accuracy and efficiency. By focusing on these models, the study aims
to reveal key differences in computational and numerical performance
metrics and resource efficiency as well as in physical performance, par-
ticularly through comparisons to experimentally measured properties.

MM 9.22 Mon 18:30 P1
Navigating the Latent Space of Chemical Solid State Reac-
tions in Hybrid Battery Interfaces — SINA ZIEGLER, CHRISTOPH
SCHEURER, and KARSTEN REUTER — Fritz-Haber-Institut der MPG,
Berlin

We explore the potential of rare earth lithium halides as a material-
efficient, nanometer-thick cathode coating in contact with thiophos-
phate electrolytes. Traditional theoretical approaches, such as molec-
ular dynamics (MD) and Monte Carlo (MC) simulations, are compu-
tationally intensive for larger systems, posing a challenge in simulating
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battery interfaces. To identify a suitable halide/thiophosphate com-
bination, it is essential to determine an energetically feasible solid-
state reaction pathway within the multidimensional phase diagram
of these materials. We employ ab initio thermodynamics to assess
the thermodynamic stabilities of the resulting solid-state electrolyte
(SSE) and halide interfaces by screening the reaction-free enthalpies
of potential interface reactions. An end-member analysis is then per-
formed to evaluate possible compositions of interface products and sec-
ondary phases, using techniques such as Principal Component Analy-
sis (PCA), t-distributed Stochastic Neighbor Embedding (t-SNE), and
autoencoders to identify linked reactions within the chemical latent
space.

MM 9.23 Mon 18:30 P1
Structure and transport properties of Li3BMCIl6 superionic
conductors — eZrvaN Zuanc!:2, PETER MULLER-BuscuBauM!, and
ANATOLIY SENYSHYN? — !Chair for Functional Materials,School of
Natural Sciences, Technical University of Munich,85748 Garching, Ger-
many — 2Heinz Maier-Leibnitz Zentrum, Technical University of Mu-
nich, 85748 Garching, Germany

Modern society permanently requires more advanced, better perfor-
mant, safer, and cost-effective energy storage solutions, where the all-
solid-state battery (ASSB) concept based on lithium metal is closest
to commercialization. Solid electrolytes are a key component of ASSB,
defining its lifetime and performance. Halide-based solid electrolytes
Li3MC16 (M = transition metals, rare-earth metals) are emerging as
promising materials for all-solid-state batteries due to their high ionic
conductivity, electrochemical stability, and compatibility with lithium
metal anodes. The current study deals with the systematic characteri-
zation of Li3MCI6 solid conductors with M = In, Zr, and Ti transition
elements. The focus will be put on the optimization of synthesis routes
(between solvent-mediated and mechanochemistry), composition con-
trol as well as enhancement of ionic transport. Comprehensive struc-
tural characterization, encompassing lab X-ray diffraction (XRD) with
Rietveld refinement combined with differential bond-valence estimates
of lithium diffusion pathways and differential scanning calorimetry, is
performed to reveal the crystallographic details, microstructure, and
lithium-ion dynamics.

MM 9.24 Mon 18:30 P1

Processing of non-conductive materials by electroerosion
treatment. — e ANTON BEspaLov — Moscow, Russia

Electroerosion processes process only conductive materials, but it is
possible to process non-conductive materials by applying a thin layer
of metal to their surface. In this work, based on experiments, the pos-
sibility of destruction (processing) of tungsten carbide coated with a
layer of 0.01 mm copper with a copper electrode using electric erosion
machines is considered. As a result of the experiments, the destruc-
tion in the samples corresponding to the shape of the electrode was
revealed, which proves the possibility of processing.

MM 9.25 Mon 18:30 P1
Structure formation and phase behavior of amine-water
mixtures — eLENA FRIEDRICH!, MIcHAEL PauLus!, AURELIEN
PERERA2, MARTINA Po0ZzarR3, DIRK LUTZENKIRCHEN-HECHT?,
NicoLa THIERING!, JAQUELINE SAvELKOULS!, and CHRISTIAN
STERNEMANN! — 'Fakultit Physik / DELTA, Technische Universitit,
44221 Dortmund, Germany — 2Sorbonne Université, Laboratoire de
Physique Théorique de la Matiére Condensée, F75252, Paris cedex 05,
France; — 3University of Split, Faculty of Science, 21000 Split, Croa-
tia — 4Fakultét fiir Mathematik und Naturwissenschaften, Bergische
Universitdt Wuppertal, 42097 Wuppertal, Germany

Amines are associating liquids that can form transient supramolecular
structures via hydrogen bonding [1]. Adding of water can significantly
alter the liquids’ structure [2] and amine/water mixtures show an inter-
esting phase behavior exhibiting a lower critical solution temperature
(LCST) [3]. We studied linear, primary amines mixed with various
proportions of water for a variety of temperatures by X-ray diffraction
at BL8 and BL9 of DELTA (TU Dortmund). The structure factor
prepeak shows a peculiar concentration and temperature dependence
which resembles the different phase regimes ranging from disordered
nematic via single liquid to two liquid phase. We thank the BMBF
for funding via DAAD in the scope of the French-German collabora-
tion PROCOPE 2024-2025 (Project-IDs 57704875 and 50951YA). [1]
A. Perera et al., JPC B 44, 128 (2024). [2| L. Almasy et al.,, PCCP
21, 9317 (2019); [3] J. Glinski et al., J. Colloid. Interface Sci. 162,
129-134 (1994)
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MM 9.26 Mon 18:30 P1
A Phase Change Material’s Journey through its Energy

Landscape — eJAkOB BALLMAIER, SEBASTIAN WALFORT, ELias
ABELE, and MARTIN SALINGA — Universitat Minster, Institut fir
Materialphysik

The concept of energy landscapes is highly successful in explaining
structural dynamics of supercooled liquids and glasses. Locally stable
configurations correspond to local minima of the total potential energy
of the system in the high-dimensional phase space. During physical ag-
ing a glass can evolve towards lower local minima through a series of
saddle points. Experimental observation of this is challenging, since
in large systems several saddle points are passed within the shortest
resolvable timescales.

Here, we track paths through the energy landscape of a nanoscopic
volume of germanium telluride by following the temporal evolution of
its electrical resistance. Two regimes turn out to be especially instruc-
tive: fast measurements of the resistance immediately after the forma-
tion of the glass as well as slower measurements at low temperatures,
where the influence of individual relaxation steps on the resistance can
be resolved.

MM 9.27 Mon 18:30 P1
Graphite Composites with Titanium as a Secondary Filler
- Microstructure and Electronics — eHoang THINH NGUYEN,
Maria Gaubpig, and RaALF WEHRSPOHN — Martin Luther Univer-
sity Halle-Wittenberg, Institute of Physics, Group pMD, Heinrich-
Damerow-Str. 4, 06120 Halle (Saale), Germany

The bipolar plate (BPP) is a crucial component in electrolyzers and
fuel cell stacks, serving to separate individual electrochemical cells
while ensuring electrical conductivity, water distribution, and mechan-
ical stability. However, the high costs associated with conventional
materials like titanium or stainless steel demand the exploration of
novel materials and fabrication methods. Graphite-based composites
have already emerged as cost-effective alternatives for BPPs. In this
work, we developed and characterized an innovative composite mate-
rial that combines the high electrical conductivity of titanium with
the affordability and lamellar structure of graphite to create titanium-
graphite composites. Microstructural analyses using scanning electron
microscopy (SEM) and nano X-ray computed tomography revealed
that titanium particles integrate gapless into the graphite matrix, en-
hancing the creation of continuous conductive pathways. Electrical
conductivity measurements revealed interesting dependencies on filler
composition: depending on the filler ratio, either titanium or graphite
becomes the dominant contributor to the overall conductivity. These
findings highlight the interrelation between particle morphology, struc-
ture, and filler ratio in optimizing the composite matrix for BPP ap-
plications.

MM 9.28 Mon 18:30 P1
Mesoporous Ti and TiCu network structures prepared by
liquid metal dealloying — eNikLAas OSTERLE, MARKUS ZIEHMER,
FaBiaN ANDORFER, and CARL E. KriLL IIT — Institute of Functional
Nanosystems, Ulm University, Germany

Metallic open-cell foams have emerged as promising functional and
structural materials. The use of Ti and TiCu would extend the appli-
cation of such foams into the medical field, as both materials are highly
biocompatible, making them excellent choices for implants and pros-
theses. Combined with the porous structure of metallic foams, which
facilitates the infiltration and adhesion of bone cells, the functionality
and performance of prosthetic devices could be significantly improved.

In this work, we present the fabrication of mesoporous Ti and TiCu
network structures via liquid metal dealloying. This technique enables
the selective removal of Cu from TiCu precursor alloys within a Mg
melt to form mesoporous structures. By varying the Mg-to-precursor
mass ratio, we show that the chemical composition and morphology
of the final network can be tailored. The network structure and mor-
phology were investigated using 2D and 3D imaging, and EDS and
XRD were employed for phase analysis. Various morphological struc-
tures can be linked to specific compounds in the TiCu phase diagram.
Future investigations will focus on post-dealloying thermal coarsening.

MM 9.29 Mon 18:30 P1
Role of trace elements on the GP-Zone formation Al-Cu al-
loys — eSANDRA MULLER, ISIDOR SWITALLA, JOHANNES BERLIN, and
FerDINAND HAIDER — Chair for Experimental Physics I, University
of Augsburg, Universitétsstrafte 1, 86159 Augsbur
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Both formation and dissolution of Guinier-Preston zones in Al-Cu al-
loys depend on the presence of excess vacancies. They are quenched in
from the high temperature homogenisation treatment but will possibly
disappear during the natural aging at ambient temperature. The life-
time of excess vacancies in pure Aluminium is much shorter than that
in Al-Cu alloys, where vacancies presumably are trapped in GP zones.
Therefore, a small increase in temperature can lead to drastic changes
in the microstructure of these materials by releasing the trapped va-
cancies. Resistometry is a simple online method to monitor changes
in the microstructure of a metallic alloy, complemented by DSC and
hardness measurement.In this work we focused on natural and slightly
above room temperature artificial ageing of Al-Cu samples contain-
ing 2 - 4 wt.% of Cu. DSC gives rather clear evidence that precursor
cluster of only very few atoms form before the GP-zones are detected.
Those precursors and the GP zones formation can be suppressed or
delayed by minor addition of vacancy-binding trace elements like Tin
and Indium.

MM 9.30 Mon 18:30 P1
Irradiation Induced Defects in W-Re Alloys Studied by
Positron Annihilation Spectroscopy — eLisa-Marie Krucl,
Danny Russern!, MaxiMiLiaN Sunr!, LeoN Chryssos!, Lu-
cIAN MaTHEs!, MIKHAIL Z1BROVZ, THOMAS SCHWARZ-SELINGERZ,
and CurisTorH HucENscHMIDT! — !Heinz Maier-Leibnitz Zentrum
(MLZ), Technische Universitat Miinchen, 85748 Garching, Germany —

2Max Planck Institute for Plasma Physics, 85748 Garching, Germany

The plasma-facing components in a fusion reactor have to withstand
the irradiation of 14 MeV neutrons, which are released in the fusion
reaction of deuterium and trithium. Tungsten is considered to be the
most suitable plasma-facing material, due to its high melting point,
high thermal conductivity and low erosion under fusion reactor oper-
ating conditions. In addition to radiation damage, neutron irradiation
of tungsten creates transmutation elements such as rhenium. In this
work, the effect of rhenium on the defect characteristics in self-ion ir-
radiated tungsten is investigated. Self-ion irradiation is used to mimic
the radiation damage caused by 14 MeV neutrons. Positron annihila-
tion spectroscopy is used to provide non destructive, atomic scale res-
olution measurement of the irradiation damage. Coincidence Doppler
broadening spectroscopy of the 511 keV annihilation line is used to pro-
vide element sensitive measurements of vacancy type defects. This al-
lows us to test theoretical predictions that rhenium precipitates around
voids.

MM 9.31 Mon 18:30 P1
Phases of AIN by machine learning potentials — eSimon
LieBiNGg, OLVER HEYMER, and JENs Korrus — Institute of The-
oretical Physics, TU Bergakademie Freiberg, Germany

AIN is an important wide-band gap semiconductor with e.g. applica-
tions in high power electronics. Under high pressure (about 13 GPa)
the wurtzite phase transforms to the rocksalt phase. Here, we attempt
to simulate this phase transition as function of temperature and pres-
sure by means of machine learned interatomic potentials trained on ac-
curate density functional theory molecular dynamics data. In particu-
lar we will utilize use the open-source library FitSNAP [1] for atomistic
machine learning in combination with the molecular dynamics code
LAMMPS [2]|. FitSNAP is used to provide fast interaction potentials
with accuracy inherited from DFT. It already provides interfaces for
popular open-source codes such as Quantum ESPRESSO|[3|, PyTorch
and LAMMPS and it supports the state-of-the-art atomic cluster ex-
pansion (ACE) descriptors [4]. The ACE descriptors transform struc-
tural information into machine learning models. This enables us to
carry out large-scale classical MD systems of AIN with thou- sands
of atoms with DFT accuracy. The results will be compared to earlier
works based on small unit cells using density functional theory. [5] Ref-
erences [1] Rohskopf et al., Journal of Open Source Software, 8 (84),
5118 (2023). [2] A. P. Thompson et al. Comp Phys Comm, 271 10817
(2022). [3] P. Giannozzi et al. J. Chem. Phys. 152, 15 (2020). [4]
Drautz, R. Physical Review B, 99 (1), 014104 (2019). [5] S.Schmerler
and J. Kortus Physical Review B, 89, 6, (2014).

MM 9.32 Mon 18:30 P1
Brittle to Ductile: Elasticity and Bonding in TiVN Hard Al-
loys — eSanTiaAco GOMEz, FERENC Tasnapi, MacNus ODEN, and
Icor A. ABrikosov — Department of Physics, Chemistry and Biol-
ogy (IFM), Linkoping University, Linkdping, 58183 Sweden

Hard alloys find extensive applications, such as in coating metal-
cutting tools and turbine protective layers, among others. Despite
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the availability of effective alloys in the market, most remain intrin-
sically brittle. A critical aspect of alloy engineering is, therefore, the
systematic exploration of hard but more ductile alloys with improved
fracture toughness.

The low temperature dynamical instability of VN suggest an alloying
pathway to improve the ductility of TiN. The idea has been realized
by supporting experiments using micro-pillar fracture analysis. In this
study, we are searching for novel materials descriptors to gain a bet-
ter understanding of brittle and ductile behavior, all in an ideal sense
suitable for modern data-driven materials science powered by Density
Functional Theory (DFT) calculations.

Our findings reveal composition-dependent variations in elastic mod-
uli and anisotropy. Brittle to ductile behavior transition is predicted
when a certain composition of Vanadium is reached. Chemical bond-
ing analysis, employing the Quantum Theory of Atoms in Molecules
(QTAIM), provide insights into the electronic structure, highlighting
trends in bond critical point densities and virial ratios for first-neighbor
interactions. These results are contextualized against analogous sys-
tems such as TizAl;_;N, providing a comparative framework.

MM 9.33 Mon 18:30 P1
Modeling dislocation motion in aluminium alloys by DFT
— InNA PryusncHAYD?2, ANNA PriusHcHAI?3, NEBAHAT BuLuT?,
ZHENGQING WEI?, and eSiBYLLE GEMmMINGZ* — INatl. Taras
Shevchenko University of Kyiv, Ukraine. — 2Inst. Physics, TU Chem-
nitz, Germany — 3Natl. TU of Ukraine, Igor Sikorsky Kyiv Polytech-
nic Inst., Ukraine — 4MAIN Center, TU Chemnitz, Germany.

Measured elastic moduli of bulk metals differ from the ideal theoret-
ical values due to the presence of point and line defects as well as
grain boundaries, and their joint action has successfully been stud-
ied by atomistic simulations. For low-doped alloys with additional
elements in small quantities, a plethora of further interactions is ob-
tained, whose classical description is hampered by the lack of suitable
potentials for the interaction between different elements. We therefore
employ first-principles calculations to determine the dopant-induced
electronic structure change in and around the core region of the Shock-
ley partial dislocation in Aluminium as a prototype fcc metal with
substitutional Mg, Zr, and Si atoms as dopants. The results indicate
that the radius of the first coordination sphere changes within a range
of few percent and that all discernible changes in electron density are
localized within the first coordination sphere of the impurity. A ten-
dency for the formation of aluminide precipitates is obtained, which
may nucleate at 0D, 1D, or 2D defect sites and stabilize local structure
motifs which would not be formed in the unperturbed bulk phase.

MM 9.34 Mon 18:30 P1
Generalized susceptibility expressed by Wannier functions —
eDomINIK VANA and JArRosLav HAMRLE — Faculty of Nuclear Sci-
ences and Physical Engineering, Czech Technical University, Prague

The generalized susceptibility describes the tendency (energy stabil-
ity) of the cubic phase to become modulated. A typical example is
the modulation of NioMnGa [1] which can undergo structural trans-
formation from austenite to a modulated structure. The generalized
susceptibility is calculated using occupation probability (Fermi-Dirac
distribution), however, this approach omits the dependence which the
coupling coefficient of the electron-lattice interaction has on electronic
states. The goal of this work is to express generalized susceptibility
with calculated coupling coefficients. As the first step, we express gen-
eralized susceptibility using Wannier functions, modifying the original
approach of Motizuki [2], based on a linear combination of atomic or-
bitals.

[1] O. Séderberg et al, Ni-Mn-Ga multifunctional compounds, Mater.
Sci. Eng. A 481, 80 (2008)

[2] K. Motizuki, N. Suzuki, Microscopic Theory of Structural Phase
Transitions in Layered Transitional-Metal Compounds, D. Reidel
Publishing Company (1986)

MM 9.35 Mon 18:30 P1
First-principles insight into the role of electronic band fill-
ing on thermodynamic stability and mechanical proper-
ties of tantalum-diboride-based solid solutions — eANNoOP
ExTarRAawONG!, KunPoT MoPoUNG!, CHAYANON ATTHAPAK!, THITI
BovoRNRATANARAKS!, and BiorN Arning? — !Chulalongkorn Uni-
versity, Bangkok, Thailand — 2Linképing University, Linképing, Swe-
den
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Owing to their superior stabilities and mechanical behaviors at high
temperature, AlBa-type metal diborides have increasingly been con-
sidered as promising hard and protective coating materials for cut-
ting tools. In this presentation, we theoretically demonstrate how the
thermodynamic stability and mechanical properties of metal diborides
can feasibly be improved either through the presence of structural de-
fects beyond the dilute limit or through the alloying process, focusing
particularly on tantalum diboride. Our first-principles studies reveal
the significant enhancement of the stability, stiffness, shear strength,
and hardness of the diboride can directly be interpreted in terms of
electronic band filling of the bonding and antibonding states of the
material.

MM 9.36 Mon 18:30 P1
Unveiling the Origin of the Yield Stress Anomaly in L12
Intermetallics via Atomistic Approaches — eXianc Xu, XI
ZHANG, and BLazEs GrRaBowskI — University of Stuttgart, Stuttgart,
Germany

We present an approach to studying the yield stress anomaly (YSA)
in L12 intermetallics by bridging the electronic scale with large-scale
molecular dynamics simulations, using machine-learning-based inter-
atomic potentials. An ab initio database of temperature-dependent
Gibbs energy for relevant planar defects in L12 Ni3Al was developed,
covering the full temperature range of the YSA. Machine-learning in-
teratomic potentials for Ni3Al, trained through a physically informed
active-learning scheme, achieved accuracy comparable to DFT data
and successfully modeled key dislocation behaviors in million-atom
models. These MD results enabled the development of a phenomeno-
logical model that effectively explains YSA characteristics, offering new
insights into the high-temperature performance of L12-strengthened
high-entropy alloys.

MM 9.37 Mon 18:30 P1
Modelling and Descriptor-based Synthesizability Analysis
of High-Entropy Materials — eCueEN-CuEN ER! and Rico
Friepricub23 — 1TU Dresden — 2Helmholtz-Zentrum Dresden-
Rossendorf, Dresden — 3Duke University, Durham, USA

High-entropy materials (HEMs) are single-phase multi-component dis-
ordered systems with unique electronic and thermal properties that
are promising for applications in the energy and electronics sectors.
HEMs include disordered ceramics such as carbides, nitrides, or oxides
with ordered anion sublattices and disorder on the cation sites. There
are typically five or more cation species to maximize configurational
entropy.

Efficient modelling of the disordered systems is conducted based
on an ensemble of supercells approach as implemented in the par-
tial occupation algorithm (POCC) [1] within the AFLOW framework
[2,3].  Predictive descriptors including the entropy forming ability
(EFA) [4] and disordered enthalpy-entropy descriptor (DEED) [5] are
crucial to assess synthesizability. Here, we present results for several
high-entropy ceramics, including their electronic properties and syn-
thesizability.

[1] K. Yang et al., Chem. Mater. 28, 6484 (2016).

[2] C. Oses et al., Comput. Mater. Sci. 217, 111889 (2023).

[3] M. Esters et al., Comput. Mater. Sci. 216, 111808 (2023).

[4] P. Sarker et al., Nat. Commun. 9, 4980 (2018).

[5] S. Divilov et al., Nature 625, 66 (2024).

MM 9.38 Mon 18:30 P1
An extended two-temperature model for copper — eSiMoON
KtMMEL and JoHANNES RoTH — FMQ, University of Stuttgart, Ger-
many

Since its introduction, the two-temperature model (TTM) has been a
very powerful tool used to simulate material under strong electronic
excitation following strong laser irradiation by coupled heat conduction
equations for the electronic and lattice system.

Here, we present an implementation of the TTM, coupled to a molec-
ular dynamics code, in which the heat capacity, the heat conduction,
electron-phonon coupling parameter depend on the degree of excita-
tion. We extend this model by also including an interatomic potential
that depends on the degree of excitation and is capable of reproduc-
ing non-thermal effects predicted by electron temperature-dependent
density functional theory calculations.

We investigate the influence and importance of each parameter in a
case study applied to copper and compare our findings to experimental
investigations.
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MM 9.39 Mon 18:30 P1
Exploring Ionic Diffusion and Heat Transport Mechanisms in
NASICON Materials: A Molecular Dynamics Study — eInsa
F. pE VriEs and Nikos L. Dorrsinis — Institute of Solid State The-
ory, University of Miinster, Wilhelm-Klemm-Strafe 10, 48149 Miinster

In recent years, sodium-ion batteries have emerged as both a poten-
tial replacement and a complement to traditional lithium-ion based
energy storage systems [1]. However, ensuring the safety and reliabil-
ity of any future battery system requires a controlled modelling and
a thorough understanding of the thermal conduction characteristics,
especially with respect to preventing overheating during operation.

Our study uses molecular dynamics calculations on members of the
Naj45ZreSizPs_; 012 family with different stochiometries (x=2.6, 3.4
and 3.8). For each stochiometry we use different cell geometries char-
acterised by an order parameter. In order to reveal the influence of the
sodium ion mobility on the heat transport, we calculate key transport
properties, namely the sodium diffusion coefficient and the thermal
conductivity. We start from a pre-established interatomic potential [2]
and calculate the thermal conductivity using a Green-Kubo approach.
We find that it peaks for the compounds with z = 3.4. Increased diffu-
sion caused by small variations in the parameterisation of the sodium-
oxygen interaction leads to simultaneous, equally directed changes in
the thermal conductivity.

[1] J. Janek, W.G. Zeier, Nat. Energy 2023, 8, 230

[2] P. Kumar & S. Yashonath, J. Am. Chem. Soc. 2002, 124, 3828

MM 9.40 Mon 18:30 P1
Semiclassical transport in multiple Weyl points — eRicarRDO
BarBosa, STUART PARKIN, and ANNIKA JoHANSsON — Max Planck
Institute of Microstructure Physics, Weinberg 2, 06120 Halle (Saale),
Germany

We investigate transport contributions[1,2] in three-dimensional mate-
rials exhibiting multiple Weyl nodes|2,3], which are linear band touch-
ings acting as point-like sources and sinks of Berry curvature in momen-
tum space, often referred to as "Weyl-Berry monopoles". Specifically,
we analyze the transport properties of CoSi[4,5], a chiral topologically
nontrivial semimetal with band-touching points of higher-than-two-
fold degeneracy and nonzero Chern numbers. Notably, at the I' and
R points, the band-touching nodes are four- and six-fold degenerate,
respectively, with Chern numbers up to +4. Using the Boltzmann
transport equation|[6], we investigate how these features give rise to
unconventional electronic properties, focusing on the corresponding
charge and node conductivities.

References [1] H. Rostami and M. Polini, Physical Review B 97,
195151 (2018) [2] J.E. Sipe and A. I. Shkrebtii, Phys. Rev. B 61, 533
(2000) [3] B. Yan and C. Felser, Annu. Rev. Condens. Matter Phys.
8, 337 (2017) [4] N.P. Armitage et al., Rev. Mod. Phys. 90, 015001
(2018) [5] D.A. Pshenay-Severin et al., J. Phys.: Condens. Matter 30,
135501 (2018) [6] P. Tang et al., Phys. Rev. Lett. 119, 206402 (2017)
[7] D. Kaplan et al., Phys. Rev. Lett. 132, 026301 (2024)

MM 9.41 Mon 18:30 P1
A novel technique for measuring 3D thermal conductivity
of carbon paper — eOLIVER Roser!, Acuour Maunroupi!, Cor-
NeELius Hann!, and ANDREAs GRIESINGER!"? — 1Center for Heat
Management (ZFW), Stuttgart — ?Baden-Wuerttemberg Cooperative
State University (DHBW), Stuttgart

Gas diffusion layers based on carbon paper are used in various types of
fuel cells. They make a significant contribution to dissipating the heat
loss generated in the catalyst layers and homogenizing the tempera-
ture field. The material structure causes strongly direction-dependent
thermal conductivities. It is not possible to determine the direction-
dependent thermal conductivity under operating boundary conditions
using existing methods. We present a newly developed technique with
which thermal conductivity can be determined in all spatial directions.
Measurements of thermal conductivity in the sample plane are carried
out under steady-state boundary conditions. When measuring ther-
mal conductivity through the sample plane, we use a transient mea-
surement approach. The apparatus developed for this purpose and
its components are presented. We show how to set and control the
application-related boundary conditions such as temperature, surface
pressure, moisture content and filling gas. The thermal measurements
and evaluation strategies are presented, and the achievable accuracy
of the method is discussed. Finally, we show initial measurement re-
sults that demonstrate a significant impact of direction, temperature
and moisture content on thermal conductivity of gas diffusion layers,
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depending on the material structure.

MM 9.42 Mon 18:30 P1
Low-temperature thermal conductivity of YAIO3 and
YbAlO3 — Parisa MokHTARIY 23| e ULRIKE STOCKERT?, STANISLAV
NikiTin%, LEoNID VAsyLECHKO®?, MANUEL BranNDo?, and ELENA
HassINGER32 — 1Department of Physics, Technical University of Mu-
nich, 85748 Garching, Germany — 2Max Planck Institute for Chemical
Physics of Solids, 01187 Dresden, Germany — 3Faculty of Physics,
Technische Universitdt Dresden, 01062 Dresden, Germany — *PSI
Center for Neutron and Muon Sciences, 5232 Villigen PSI, Switzer-
land — 5Lviv Polytechnic National University, Lviv 79013, Ukraine

YAIOs3 is a popular substrate, laser, and scintillator material used at
temperatures down to those of liquid helium. A good thermal conduc-
tivity is required for many applications for instance to facilitate energy
release in lasers or thermal coupling via substrates.

We present for the first time thermal conductivity data on YAIO3
below 80 K, covering the T' range from 2 K to 300 K. In addition, we
have studied the thermal conductivity of YbAIO3 in the temperature
window from 50 K to 300 K. Both materials are very good thermal
conductors. The thermal transport in these electrical insulators is
phononic and can be fitted by the Callaway model. We discuss our
results with respect to the relevance of different scattering processes,
the origin of the thermal conductivity anisotropy, and the influence
of Y-Yb exchange on the thermal transport. Our results on YAIO3
confirm the suitability of the material for applications requiring a low
thermal resistance at temperatures down to liquid He.

MM 9.43 Mon 18:30 P1
(Very) high-temperature physics of selected Planckian metals
— eZuzaNNA HELENA FiLipiak'? and ANDREW P. Mackenzie! 2 —
IMax-Planck Institute for Chemical Physics of Solids, Dresden, Ger-
many — 2Scottish Universities Physics Alliance, School of Physics and
Astronomy, University of St Andrews, United Kingdom

Planckian dissipation is the mysterious phenomenon of an almost
universal saturation of the electron scattering rate in many con-
densed matter systems despite their vastly different microscopics and
strengths of electron interactions. In crystalline samples, the Planckian
temperature dependence of resistivity is referred to as strange metallic-
ity in the low-temperature regime and bad metallicity if the behaviour
continues to high temperatures. Despite interest in such materials be-
cause of their unique physics, their high-temperature characteristics
continues to be understudied. We developed two setups in which re-
sistivity of a metallic sample is measured as a function of temperature
(ranging from 2 to 1000 K), magnetic field (up to 12 T) and atmo-
sphere (oxygen-rich, argon, high vacuum). Our results for selected
single-crystal and thin-film samples of metallic delafossites, nickelates
and ruthenates, incl. ruthenium dioxide, will be presented.

MM 9.44 Mon 18:30 P1

Fitting Tensorial Properties with MACE: a Study of
Li2TisO12 Electric Field Gradient Tensors — FELENA
GEeLzINYTE', KARSTEN REUTER!, CHrisTIAN CARBOGNO', and

eJoHANNES T. MARGRAF? — lFritz-Haber-Institut der MPG, Berlin
— 2University of Bayreuth

Machine learning interatomic potentials, which serve as surrogate mod-
els for predicting a structure’s energy and forces, have significantly ac-
celerated atomistic simulations. Equivalent approaches have been ap-
plied to predict other structural or atomic properties, such as charges,
dipole moments, and polarisabilities. One such framework is MACE,
a higher-order equivariant neural network [1]. Due to the way its in-
ternal features are constructed, the output part of the model may be
readily modified to suit the symmetry of the target property. In this
presentation, we discuss the required modifications for fitting atomic
tensorial quantities and the resulting model’s applicability, limitations,
and advantages. For illustration, we focus on the prediction of electric
field gradient tensors (a per-atom traceless symmetric tensor) using a
Li2TisO12 data set [2]. We consider the improvement in fitting the
tensorial properties directly, rather than derived scalar properties, and
compare the modified MACE’s results with those of A-SOAP [3], dis-
cussed in [2].

[1] I. Batatia et al., NeurIPS 35, 11423 (2022).

[2] A.F. Harper et al., DOI: 10.26434/chemrxiv-2024-j0kp2 (2024).
[3] A. Grisafi et al., Phys. Rev. Lett. 120, 036002 (2018).

MM 9.45 Mon 18:30 P1
First-Principles Analysis of Spin-Disorder Resistivity and Its



Regensburg 2025 — MM

Monday

Temperature Dependence — eFABIAN ENGELKE, FELIX ScHuUG,
MicHAEL CzERNER, and CHRISTIAN HEILIGER — Justus-Liebig-
Universitat, Giessen, Germany

By means of Matthiessen’s rule, one can decompose the electrical re-
sistivity of materials into contributions of separate scattering mecha-
nisms. Here, we present ab initio calculations of the electron-magnon
scattering contribution to the specific resistivity of ferromagnetic ma-
terials within the supercell method. For that purpose, we model the
spin disorder with an atomistic spin model described by a Heisenberg
Hamiltonian. We then use the Landau-Lifschitz-Gilbert equation to
describe the system’s dynamics and introduce temperature effects uti-
lizing Langevin dynamics. In the second step, we employ noncollinear
density functional theory and the Non-equilibrium-Green’s function
formalism in a Koringa Kohn Rostocker (KKR) representation to cal-
culate the conductance through slabs of varying thickness derived from
the spin-configurations obtained in the first step. Subsequently, we cal-
culate the specific resistivity by averaging over supercells and applying
Ohm’s Law. First results for Fe show good agreement with experimen-
tal data at high temperatures, highlighting the contribution of mag-
netic short-range order effects to the total temperature dependence
of the specific electric resistance in the temperature regime above the
Curie-Temperature.

MM 9.46 Mon 18:30 P1
Tuning intrinsic anomalous Hall effect from large to zero in
two ferromagnetic states of SmMnyGes — Maniva Singr!, Jy-
oTIRMOY Saul, eBanik Rart'2, ARUNANSHU PANDA!, MANORANJAN
Kumar!, and Nitesu Kumar! — 1S N Bose National Centre for Basic
Sciences, Salt Lake City, Kolkata 700106, India — 2Leibniz Institute
for Solid State and Materials Research (IFW) Dresden, Helmholtzs-
trafe 20, 01069 Dresden

The intrinsic anomalous Hall conductivity (AHC) in a ferromagnetic
metal is determined by its band structure, with spin orientation being
a key band structure tuning parameter. We study a layered tetrago-
nal room temperature metallic ferromagnet SmMnoGea, which gives
us the opportunity to study magneto-transport properties where both
the c-axis and a-axis can be magnetically easy axes depending on the
temperature range we choose. We show a moderately large fully intrin-
sic AHC up to room temperature when the crystal is magnetized along
the c-axis. Interestingly, the AHC can be tuned to completely extrinsic
with extremely large values when the crystal is magnetized along the
a-axis, regardless of whether the a-axis is magnetically easy or hard.
First principles calculations show that nodal line states originate from
Mn-d orbitals just below the Fermi energy (Er) in the electronic band
structure when the spins are oriented along the c-axis. Intrinsic AHC
originates from the Berry curvature effect of the gapped nodal lines in
the presence of spin-orbit coupling. AHC almost disappears when the
spins are aligned along the a-axis as the nodal line states shift above
FEr and become unoccupied.

MM 9.47 Mon 18:30 P1
Rapid photobleaching of Yb-doped optical fibers exposed to
gamma radiation by high energy ns pulsed laser — eEsra
KeNDIR TEKGUL and BULEND OrTAaGg — Bilkent University UNAM,

Institute of Materials Science and Nanotechnology, Ankara, 06800,
TURKEY

Rare earth-doped optical fibers (OFs) have become one of the new
high-power laser and sensor applications. Therefore, it is very impor-
tant to protect such OFs from being exposed to external effects and to
increase their reusability after these effects. Here, Radiation Induced
Attenuation (RIA) and the Photo-darkening (PD) processes play an
important role. The main source of the problem is the color centers
formed in the OF. Preventing or recovering these formations before
and after the production of OF is of great importance in both efficient
and long-lasting systems.

To determine the behavior of Yb-doped OF, they are exposed to
gamma radiation or PD. The important recovery process is photo-
bleaching (PB) for defects due to the gamma radiation. In our study,
a rapid and efficient PB process was achieved using a high-energy
nanosecond pulse to recover existing and/or revealed color centers in
OF that had been irradiated with 10 kGy of gamma radiation. The
PB process was analyzed based on the wavelength and energy of the
pulsed light source. The highest level was achieved with the 532 nm
wavelength laser. The findings indicate that the recovery of color cen-
ters can reach up to 96% in a shorter duration (hours) compared to
results from studies utilizing continuous lasers.
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MM 9.48 Mon 18:30 P1

Design of a setup for conducting experiments synchronized
with sample scanning — eMaksiMm Knasanov — Moscow, Russia

The paper focuses on designing equipment with an electronic drive
for compressing samples during experiments, aimed at analyzing their
internal structure using computed tomography. The manual compres-
sion system previously used prolonged the experiment due to time-
consuming data processing. The new electronic system significantly
reduces the time required by automating the compression process. The
work includes the design of the compression apparatus and its electric
drive, providing a more efficient and precise solution for experimental
procedures.

MM 9.49 Mon 18:30 P1
Extreme stability of CoCrFeMnNigy multicomponent alloys
after severe plastic deformation — eLukas MusioL!, Mo-
HAN MURALIKRISHNA GARLAPATI', SHABNAM TAHERINIYA!, LUKASZ
RoacaL2?, Serary Divinskiv!, HaraLp RosNer!, and GERHARD
WiLpe! — lInstitute of Materials Physics, University of Miinster,
Wilhelm-Klemm-Str. 10, 48149 Miinster, Germany — 2Institute of
Metallurgy and Material Science, Polish Academy of Science, Rey-
monta 25 St., 30-059 Krakow, Poland

Thermal stability of a (CoCrFeMn)Ni60 multicomponent alloy is inves-
tigated using in-depth microscopic examination. The specific composi-
tion is chosen as a transition one from “high-entropy” to “concentrated
alloy” behavior. Such compositional design mimics a conventional alloy
design of solutes in the terminal solid solution range but in equiatomic
concentrations. Along with the analyses of the homogenized samples,
an analysis of compressed and rotary swaged samples was performed
to investigate the influence of deformation on the phase stability. The
phase stability is investigated at intermediate temperature for pro-
longed annealing times, which has given an in-depth understanding
of the formation and growth of new phases or precipitates. Detailed
microscopy analyses were performed to determine the phases and their
composition. Overall, the (CoCrFeMn)Ni60 multicomponent alloy has
shown a stable microstructure even after extreme deformation and af-
ter prolonged heat treatments. The phase stability results, in con-
junction with deformation and microstructure, will be correlated and
discussed in detail.

MM 9.50 Mon 18:30 P1
Influence of Supercell Size Effects on the Mechanical Prop-
erties and Electronic Structure of High-Entropy Transition
Metal Diborides (HETMBz) — Inna PryusHcHAY?, eNEBAHAT
Burutr!, ANNA Priusncuar'»3, and SiByLLE GEMMING! — lInstitute
of Physics, TU Chemnitz, Germany — 2Institute of Physics, National
Taras Shevchenko University of Kyiv, Ukraine — 3National Technical
University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute"

Modeling various supercell sizes for high-entropy transition metal di-
borides (HETMB2) holds the potential to overcome the computational
challenges associated with their unique bonding configurations and
complex compositions. First-principles calculations were used to pre-
dict the electronic and elastic properties of high-entropy transition-
metal diborides after employing supercells with a variety of atomic
configurations and complex compositions. We found that larger su-
percells allowed for clustering of atoms of the same metal type, as
evidenced by broadening of the peaks in the histogram of interatomic
distances. This, however, had no significant influence on the mechani-
cal properties. The mechanical properties of HETMB3 are determined
by the number of electrons, size of atoms or polarizability. However,
the average number of d-electrons per metal atom was found to be
crucial because it affects the Fermi level position relative to the pseu-
dogap, and this impacts the elastic properties strongly in comparison
to the binary-TMBs.

MM 9.51 Mon 18:30 P1
Ab initio calculations of defects in the Mg2Ge intermetal-
lic — ePaveL Papez!:2, MARTIN FRrRIAK?, and MARTIN ZELENY!
Hnstitute of Materials Science and Engineering, Faculty of Mechanical
Engineering, Brno University of Technology, Brno, Czech Republic —
2Institute of Physics of Materials, Czech Academy of Sciences, v. v.
i., Brno, Czech Republic

This work is focused on ab initio calculations of different types of
defects in the Mg2Ge intermetallic in order to explain a higher con-
centration of Mg in experimental samples. Our calculations employed
VASP software and include antisite defects and vacancies on both sub-
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lattices and furthermore interstitial additions of both Mg and Ge, all in
charge neutral state. The calculations were also done with the modified
Becke-Johnson potentials to study their influence on the bandstructure
of this semiconductor. We have calculated their formation energies in
regards to Mg rich and Ge rich chemical potential limits. The phonon
calculations were done to acquire the defect equillibrium concentration
and the evolutiuon of defect formation energies with temperature.

MM 9.52 Mon 18:30 P1
Glass transition and physical aging studies of a gold based
Bulk metallic glass by means of flash scanning calorimetry —
eKrArRA OTTO!, VALERIO DI Lisio?, DaNIELE CaNGIaLosIZ, and Is-
ABELLA GALLINO! — 1Technische University Berlin, Chair for Metallic
Materials, Berlin, Germany — 2DIPC, San Sebastian, Spain

Flash scanning calorimetry is used to study the glass transition of
metallic glasses, during direct solidification from the melt [1,2] and by
reheating with rates up to thousands of K/s. This enables the access
to the supercooled liquid state by avoiding crystallization during the
cooling stages.

Glassy materials relax over time when held below the glass transi-
tion temperature, to minimize their excess thermodynamic properties.
A new methodology to compare the relaxation times related to the
atomic mobility with those determined throughout glassy aging of a
gold based metallic glass, is presented. Isothermal physical aging was
performed to retrieve the temperature dependent timescales of the al-
pha relaxation. Additionally, the characteristic time of glassy relax-
ation are retrieved in a wide temperature range [3] complemented with
fictive temperature analysis.

The combined data were plotted on an activation diagram, that re-
lates relaxation times to the inverse of temperature. This allowed to
investigate relaxation time scales spanning 7 orders of magnitude using
a single experimental technique.

[1] Di Lisio, V,(2023),Nat. Commun.,14(1),[2] Monnier,
X,(2020),Sci. Adv.,6(17),[3] Gallino, 1,(2018), Acta Mater.,144

MM 9.53 Mon 18:30 P1
Glass Forming Ability, Thermal and Magnetic Properties of
the Multicomponent Fe-Mo-P-C-B-Si Metallic Glass for AM
Applications — eALEJANDRO LEJTMAN ROTBERG!, AMIRHOSSEIN
GHaMmIvIZ, Lucas M. RuscHeL?, Izz1 A. Aamapl!, Uma Rajput3,
PurBasHA SHARANGI®, PaoLa M. TiBerro?, RaLr Buscu?, and
IsaBELLA GALLINO! — !Technical University of Berlin, Chair for
Metallic Materials, Ernst-Reuter-Platz 1, 10587 Berlin, Germany —
2Saarland University, Chair of Metallic Materials, 66123 Saarbriicken,

Germany — 3INRIM, Strade delle Cacce 91, Torino, Italy

Efficient power-to-work conversion in electric vehicles (EVs) requires
soft magnetic materials with low coercivity. Fe-based metallic glasses
reduce power losses but struggle achieving casting thicknesses over
1mm due to limited glass-forming ability (GFA). Additive manufac-
turing (AM), like Laser Powder Bed Fusion (LPBF), provides so-
lutions, with recent studies revisiting Fe-Si-B compositions for pro-
cessability and performance [1-3]. This study evaluates the alloy
FeT74Mo4P10C7.5B2.5Si2. X-ray diffraction (XRD) results of cast
plates and ribbons determined the GFA. Thermal properties were an-
alyzed via Differential Scanning Calorimetry (DSC) and Differential
Thermal Analysis (DTA), while magnetic properties using Vibrating
Sample Magnetometry (VSM). Results suggest the alloy’s potential
for AM production of soft magnetic components for EVs.[1] Thorsson,
L., et al. Selective Laser Melting. Materials & Design.[2] Rodriguez-
Sanchez, M., et al. Relating Laser Powder. Materialia.|3] Sadanand,
S., et al. Laser Powder Bed Fusion. Journal of Laser Applications.

MM 9.54 Mon 18:30 P1
An atomistic study on the role of size and composition on the
structural and thermodynamic properties of Al-Pd bimetal-
lic nanoparticles during melting and solidification. — eDaARIO
GonzaLo EscriBa Quispe!, Justo ALcipes Rojas Tapial, and
Gustavo CuBa Supantal?2 — 1Universidad Nacional Mayor de San
Marcos, Lima, Peru — 2Universidad Privada del Norte, Lima, Peru

Bimetallic nanoparticles (NPs) of Al-Pd exhibit structurally complex
phases, as well as quasicrystalline approximants to the Al-Mn-Pd sys-
tem, which, combined with their controversial and complex phase dia-
gram, makes them an interesting subject of study. In this work, using
molecular dynamics, the structural and thermodynamic properties of
Al(x)Pd(100-x) NPs at different sizes and compositions are calculated.

The processes of melting and solidification are simulated using the
open-source LAMMPS package and a MEAM-type potential. It was
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found, through the calculation of heat capacity, that the melting tem-
perature and size of AIPd, AI2Pd5, and Al1Pd4 NPs follow a linear
behavior, in agreement with the scaling law. Additionally, the RDF
graphs of AIPd NPs show that it is an ordered intermetallic compound,
with structural parameters such as the crystal structure and lattice pa-
rameter matching those reported experimentally. The Al11Pd4 nanoal-
loy was explored, where it was found that the NP has an icosahedral
shape. However, the atoms exhibit internal ordering with regions show-
ing FCC and HCP crystal structures. Finally, other additional results
such as MSD, common neighbor analysis (CNA), the Warren-Cowley
parameter, excess energy, and phonon dispersion are presented.

MM 9.55 Mon 18:30 P1
An X-ray diffraction study of copper powder for laser-
based powder bed fusion — eERric ScHNEIDER!, ROBERT
ORTMANN2, JuLia Frank®, FABIENNE HeELiwic?, Tobias GRIMMZ,
MicHAEL BLtOM3, LENA Friepricu!, MicHAEL PAuLus!, JAQUELINE
SaveLkouLs!, JAN T. SEHRT?, CHRISTIAN STERNEMANN', and ARNE
ROTTGER® — 1Universitit TU Dortmund, Maria-Goeppert-Mayer-
Strafe 2, D-44227 Dortmund — 2Ruhr-Universitit Bochum, Univer-
sitatsstrake 150, D-44801 Bochum — 3Bergische Universitat Wupper-
tal, Bahnhofstrafte 15, D-42651 Solingen

Additive manufacturing (AM) of components using laser-based powder
bed fusion of metals (PBF-LB/M) has reached market maturity. This
layer-by-layer process offers advantages over casting and subtractive
methods, especially for producing complex parts with internal cavities
and is promising to produce topology-optimized lightweight structures.
However, the use of copper powders for PBF-LB/M based AM poses
challenges due to its high thermal conductivity and reflectivity. The
directed oxidation and reduction of the copper particle surfaces can im-
prove both, the powders processability and reusability. In this study
we investigate the oxidation of pre-treated copper powders in air and
its controlled reduction using Ar/2%Hg atmosphere at different tem-
perature conditions up to 350°C by X-ray diffraction at beamline BL9
of DELTA synchrotron radiation source in order to reveal information
about induction times and change in Cu, Cuz0, and CuO phase com-
position for industrial processing. This research is funded by the DFG
via projects RO 4523/9-1, SE 2935/6-1, and STE 1079/9-1.

MM 9.56 Mon 18:30 P1
Linking Process Parameters and Heat Treatment to Mi-
crostructural Properties of PBF-LBM 316L Steel for Struc-
tural Hydrogen Use — eTim Haac, eKal STEFAN LAGEMANN,
STEFAN WAGNER, and ASTRID PUNDT — Institut fiir Angewandte Ma-
terialien - Werkstoffkunde (IAM-WK), Karlsruher Institut fiir Tech-
nologie (KIT)
Additively manufactured (AM) 316L steel produced by powder bed-
based laser melting (PBF-LBM) can be considered for sophisticated
applications in hydrogen technology. This project investigates the in-
fluence of manufacturing parameters and post-processing treatments,
such as heat treatment, on the resulting microstructure and its implica-
tions for material properties. The objective is to optimise the manufac-
turing process in order to achieve components with minimal porosity.
The microstructure is comprehensively analysed using advanced tech-
niques, which reveal hierarchical features and a complex interplay of
various microstructural elements, including multiscale porosity, vary-
ing grain orientations and subgrain dislocation cells. Heat treatments
are applied to alter microstructural characteristics and assess their im-
pact on material properties.

MM 9.57 Mon 18:30 P1
Analysis of the Crack Formation in Printed Nanosilver
Using In Situ Bending Technique — eLENNART SCHWAN!,
MicHAELA KLOCKER!, MicHAEL FEIGE!, LAiLA BoNDzI02, THOMAS
Korpiscu!, and Sonsa ScuoNiNGg! — 1Bielefeld Institute for Applied
Materials Research (BIfAM), Faculty of Engineering and Mathemat-
ics, Bielefeld University of Applied Sciences and Arts — 2Thin Films &
Physics of Nanostructures, Bielefeld University, Department of Physics

3D printing is an emerging technology with a wide range of applica-
tions. The modern multi-material jetting process, as used in the Nano
Dimension Dragonfly Pro LDM, makes it possible to print dielectric
and conductive materials in a single process. In addition to electrical
circuits such as coils, capacitors, etc., strain gauges can also be printed.

The change in resistance of strain gauges is usually caused by the
change in the geometric dimensions of the conductive layer when it is
deformed. In the case of the printed material examined in this study,
it is also known that the material is permeated by cracks which cause
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a directional dependence of the electrical conductivity.

The objective of this study is to investigate how these cracks develop
during bending and thus also contribute to the change in resistance.
For this purpose, a test specimen is loaded under a three-point bend-
ing test using a special in situ bending module. In order to investigate
the propagation and formation of the cracks, the bending module is
positioned in a scanning electron microscope in order to analyze the
cracks under loading with a sufficient image resolution.

MM 9.58 Mon 18:30 P1
Atomistic Simulation of Laser-based Powder Bed Fusion of
Metals — e AAMIR SIDDIQUI, SIMON KUMMEL, and JOHANNES RoTH
— FMQ), University of Stuttgart, Germany

Additive manufacturing technology applications continue to call for in-
creased reproducibility and quality. The goal is to study the melting
and solidification of an AlTi alloy and to create a framework that allows
for further studies on arbitrary alloys and metals. Molecular dynamics
provides an understanding of the melting and ablation process, result-
ing in an understanding of different heat transfer mechanisms. The
simulation framework makes it possible to see how changes in scan-
ning speed and laser power affect the melting dynamics.

The melting process of alloys shows that a significant amount of ar-
gon gas becomes trapped inside the sample. The simulation of powder
beds formed by spheres of varying sizes reveals holes that vanish under
vacuum conditions, but persist when the simulation box is filled with
protective gas, providing information on the creation of defects. By
deforming the sample, the influence of gas pockets on the mechanical
properties and the evolution of the lattice structure within the sample
can be seen.

MM 9.59 Mon 18:30 P1
Nanoscale characterization of AMS316L stainless steel for
hydrogen application — eGABRIELE PALAZZO, eFELIX STIERLE,
Kar STEraN LAGEMANN, CHRISTIAN KUBEL, STEFAN WAGNER, and
AsTrID PUuNDT — Karlsruhe Institute of Technology, Karlsruhe, Ger-
many

Additive manufactured (AM) austenitic stainless steel 316L pre-
pared by selective laser melting (SLM) is characterized by advanced
nanoscale characterization techniques to examine its microstructural
features. High-resolution scanning TEM (HR-STEM), selected area
diffraction (SAD), and analytical methods such as energy-dispersive
X-ray spectroscopy (EDX) as well as electron energy loss spectroscopy
(EELS) are employed. Typical SLM printing structures (equiaxial and
columnar cellular structure, nano-inclusions) are observed with atomic
resolution both for as-built and tensile tested samples. The presence
of silicon-manganese oxide nano-inclusions, preferential chromium and
molybdenum segregation around them is revealed, as well as iron deple-
tion and chromium enrichment along the cell boundaries. This pecu-
liar multi-scale AM microstructure accounts for the unique mechanical
properties of AM316L in terms of resistance and ductile behaviour, if
compared to the conventionally manufactured counterpart, allowing to
overcome the trade-off between strength and ductility.

MM 9.60 Mon 18:30 P1
Fine-tuning of machine learning interatomic potential for the
prediction of phonon properties — eJonas GRANDEL, PHILIPP
BENNER, and JANINE GEORGE — Bundesanstalt fiir Materialforschung
und Priifung, Berlin

Accurate phonon predictions are critical for assessing material stabil-
ity and thermal behavior, but traditional approaches based on density
functional theory (DFT) are computationally expensive, motivating
the need for accelerated alternatives. In this work, we investigate the
performance of the machine learning interatomic potential MACE-MP-
0 for predicting harmonic phonons and thermal properties. The focus
is on fine-tuning MACE-MP-0 using various sets of rattled structures
and different hyperparameter to identify the most effective strategy
for improving model accuracy. We want to develop a general fine-
tuning workflow based on the foundational model that can be used
to fast and accurately generate phonons to predict both stability and
thermal properties. For this purpose, a benchmark dataset was con-
structed using DFT consisting of a broad range of different crystal
systems and mainly of phase change materials and thermoelectric ma-
terials. Each fine-tuned model targets one specific material, allowing
to improve each material individually. The results demonstrate signifi-
cant improvements in the prediction of phonon band structures, with a
root mean square error (RMSE) reduced from 0.6 THz for the original
MACE-MP-0 model to 0.3 THz for the fine-tuned models. In addition,

21

performance in terms of computational speed was improved by up to a
factor of 10 compared to traditional DFT-based phonon calculations.

MM 9.61 Mon 18:30 P1
Learning the Reduced Density Matrix Functional from Quan-
tum Processors and Using Density Matrix Embedding The-
ory to Extend its Universality — eMARTIN UTTENDORFER —
Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Koln, Deutsch-
land

The advent of quantum computing makes reduced density matrix func-
tional theory (RDMFT) on an exact level viable. By directly applying
RDMFT, derived from Levy-Lieb’s constrained search, this work lever-
ages quantum processors to overcome some of DFT*s shortcomings,
enabling more accurate modeling of quantum chemical and condensed
matter systems. The proposed approach incorporates quantum algo-
rithms that utilize variational quantum eigensolvers (VQE), which is
viable to be executed on near-term intermediate scale quantum devices
(NISQ) in conjunction with machine learning techniques. This work
examines the theory*s application to different particle types, includ-
ing fermions, bosons, and hard-core bosons, highlighting the flexibil-
ity of the RDMFT framework. Additionally, density matrix embed-
ding theory (DMET) is incorporated, allowing for a hybrid classical-
quantum approach that extends the functional*s universality. This
work presents a quantum algorithmic approach to obtain the func-
tional and provides a computational strategy for studying complex
many-body systems while keeping the use of limited quantum resources
to a minimum.

MM 9.62 Mon 18:30 P1
Integrating Long-Range Interactions into Machine Learn-
ing Interatomic Potentials — eTuLGA-ERDENE SoDJARGALM:Z,
Ecor Rumiantsev!, PuiLip LocHe!, and MicHeLE CerioTTI! —
ILaboratory of Computational Science and Modeling (COSMO), In-
stitute of Materials, Ecole Polytechnique Fédérale de Lausanne, 1015
Lausanne, Switzerland — 2Department of Bio and Brain Engineering,
Korea Advanced Institute of Science and Technology (KAIST), 34141
Daejeon, Republic of Korea

Machine learning-based interatomic potentials (MLIPs) often rely on
the locality ansatz, calculating atomic energies based on a fixed cutoff
radius. While effective for many systems, this nearsightedness can lead
to inaccuracies when long-range interactions, such as ionic interactions,
dominate. To overcome this limitation, we integrate Particle Mesh
Ewald (PME) techniques into existing MLIP frameworks. Our exten-
sion is modular and plug-and-play, requiring minimal modifications to
incorporate into various models. We demonstrate significant improve-
ments in both simple architectures, such as Behler-Parrinello Neural
Networks, and advanced models, including state-of-the-art graph neu-
ral networks like the Point Edge Transformer (PET).

MM 9.63 Mon 18:30 P1
pyiron - Automated Workflows for Materials Science — eJaAN
JansseN?, MarvIN PouLr!, Sarare MENoON!, TiLMaNN HickeL?2, and
JoEra NEUGEBAUER! — 'MPI for Sustainable Materials, Diisseldorf,
Germany — 2BAM Federal Institute for Materials Research and Test-
ing, Berlin, Germany

The pyiron framework, originally developed for atomistic simulations
in the field of materials science, has recently been extended beyond
the atomistic scale to enable data-driven materials design on all scales
and including experiments. As a central interface for materials accel-
eration platforms (MAP), pyiron couples simulation methods ranging
from ab-initio methods of the electronic scale, to the atomistic scale
of machine-learned interatomic potentials and up to the continuum
scale of crystal plasticity modelling with interfaces for experimental
equipment and machine learning.

On our poster, we give a brief overview of the recent developments
in the pyiron project and highlight a series of materials science ap-
plications. These range from pyiron workflow, our redesigned graph-
based workflow engine, to executorlib for up-scaling workflows for high-
performance computing (HPC) and the python workflow definition, a
joined standard developed in collaboration with AiiDA and jobflow,
the workflow engine of the materials project. At the same time, the
poster will provide an opportunity to meet the pyiron developers and
discuss ideas and future applications.

Read more about pyiron on our website: https://pyiron.org

MM 9.64 Mon 18:30 P1
Investigating the Impact of Optimization Algorithms on
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Element-Substitution Based Materials Discovery — eDaviD
GRETEN!, KoONSTANTIN JakoB!, KarsTEN REUTER!, and Jo-
HANNES T. MARGRAF2 — lFritz-Haber-Institut der MPG, Berlin —

2University of Bayreuth

In this study, we investigate how different optimization algorithms
affect the relaxation of inorganic structures using general-purpose
machine-learned interatomic potentials (MLIPs) like MACE-MP-0.
Assessing computational efficiency and relaxation quality via struc-
tural similarity and kernel distance metrics, we find that optimizer
choice significantly influences performance and can lead to different
equilibrium structures. Analyzing both DFT-relaxed structures from
the Materials Project and element-substitution based trial structures,
we highlight the optimizer’s impact in different scenarios. Our find-
ings emphasize the critical role of optimizer selection in large-scale
computational materials science workflows, particularly in the context
of element-substitution based materials discovery. This can hopefully
guide the community towards choosing appropriate algorithms for ef-
ficient and reliable structure relaxations.

MM 9.65 Mon 18:30 P1
The APyT Package: From Raw Data to Three-Dimensional
Reconstruction — eSEBASTIAN EicH — Department for Materials
Physics, Institute for Materials Science, University of Stuttgart

The APyT package is an advanced, open-source Python framework
for evaluating atom probe tomography (APT) data. It offers a suite
of modules that automate key steps in APT processing, from mass
spectrum calibration to three-dimensional sample reconstruction. Its
modular architecture ensures seamless integration with external tools
through standardized input/output interfaces, supporting both Linux
and Windows environments.

Key features include high efficiency with NumPy and Numba, a low
memory footprint, and extensive documentation. The modules are
highly automated, requiring minimal user input to achieve accurate
results. The package also integrates SQL database management for
raw measurement data and corresponding metadata.

The mass spectrum module automatically calibrates and detects
peaks, producing high-resolution spectra. The mass spectrum fitting
module further refines this by fitting spectra with an analytical func-
tion, automatically de-convolving overlapping peaks by incorporating
isotope abundances. The reconstruction module generates a 3D sam-
ple reconstruction, including automatic chemical identification and ex-
port capabilities. Future enhancements include a PyQt-based GUI to
streamline access to all APyT modules in one application.

MM 9.66 Mon 18:30 P1
Relation between the electronic structure and X-ray absorp-
tion spectra discussed using multiple-scattering formalism —
HuBerT EBERT!, eSERGIY MANKOVSKY!, and JAN MiNar2 — 1LMU
of Munich, 81377 Munich, Germany — 2University of West Bohemia,
Pilzen, Czech Republic

Recently, the concept of crystal orbital overlap population (COOP) has
been reconsidered [1] based on the finite difference method (FDM), rep-
resenting the calculated x-ray absorption spectra (XAS) in terms crys-
tal orbital overlap population functions. This allows to reveal the cor-
relation between XAS and the formation of the bonding/antibonding
states in solids. Following the idea suggested in Ref. [1], we demon-
strate that this relation can be investigated in a very efficient way
using the multiple scattering formalism for electronic structure cal-
culations. In this representation, both, the density of states and the
x-ray absorption function are determined by the site-diagonal scat-
tering path operator 799(E) which can be expressed as 790(F) =
t0+3", 79"(E) G"O(E)tY, in terms of the single-site scattering matrix
t0, the site-off-diagonal operators 797 (E), and the structural Green
function G"°(E). The second term determines in a pair-wise resolved
way the fine structure of the electron density of states (DOS) n(E)
as well as the XAS absorption coefficient p(E). The DOS and the
normalized x-ray absorption coefficient are calculated for several rep-
resentative systems and discussed in line with the idea of the COOP
concept.
[1] M. Diaz-Lopez, et al., J. Phys. Chem. A 124, 6111 (2020)

MM 9.67 Mon 18:30 P1
Upgrading the Coincidence Doppler Broadening Spectrome-
ter at FRM II — eDanNY R RusseLL, FRANCEsScO GUATIERI, LEON
CHRryssos, and CHRrisToPH HuGENscHMIDT — FRM II - Technische
Universitdt Miinchen, Miinchen, DE
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The coincidence Doppler broadening spectrometer (CDBS) at the
Forschungs-Neutronenquelle Heinz Maier-Leibnitz (FRM II) provides
state-of-the-art, depth dependent detection of defects and chemical
composition at the annihilation site. A monoenergetic positron mi-
crobeam (50 pm FWHM) is guided onto a sample where positrons
annihilate with electrons. The Doppler broadening of the characteris-
tic 511 keV annihilation peak is measured by observing both emitted
photons simultaneously.

We present simulations and hardware design for an upgrade to the
CDBS which will allow backscattered positron capture. Up to ~ 40 %
of the incident positrons are backscattered when they reach the sample
surface. The annihilation events occurring when these backscattered
positrons return to the sample or annihilate in experimental hardware
contribute unwanted signal to the measured spectrum which cannot
be removed in data processing.

We use an in-house particle tracking code to design a positron dump
that will capture backscattered positrons at an electrode outside de-
tector lines of sight. This will reduce the unwanted signal by up to 50
% and improve the quality of CDBS data. Additionally, we apply the
same code to optimize an electrostatic focusing lens, further increasing
the spatial resolution of the instrument.

MM 9.68 Mon 18:30 P1
High-entropy alloy pre-screening for lead-free halide dou-
ble perovskites from material databases — eMaRINA S.
GOUNTHERT' 2, BERND MEYER!, and CHrisToPH J. BRABEC? —
Hnterdisciplinary Center for Molecular Materials and Computer
Chemistry Center, FAU Erlangen-Niirnberg — 2Materials for Elec-

tronics and Energy Technology (i-MEET), FAU Erlangen-Niirnberg

Over the last decade, lead-free halide double perovskites with compo-
sition A2 BB’ X have emerged as an interesting class of materials for
optoelectronics. Furthermore, it was suggested to introduce different
ion ratios on each of the double perovskite sublattices, leading to a
vast space of possible compositions.

Two criteria are applied to have a first fast filtering approach to
reduce the number of combinations. First, the search is limited to
non-toxic and non-f elements for a green chemistry approach. Sec-
ond, we estimate the thermodynamic stability of the compounds by
using a criteria recently proposed by Muzzillo et al. [1], which focuses
on the entropy stabilization by using several elements on each sublat-
tice. This method can be easily adjusted for halide double perovskites.
We applied it first to the Materials Project database but it can also
be extended to other databases such as NOMAD and OQMD. In the
end, this pre-screening gives an idea, which elements on the different
sublattices of the double perovskite are worth further exploration.

[1] C.P. Muzzillo, C.V. Ciobanu, D.T. Moore, High-entropy alloy
screening for halide perovskites, Mater. Horiz. 11 (2024) 3662-3694

MM 9.69 Mon 18:30 P1
Effect of 4f occupancy on L3 edge of Cerium — ePRATHIBHA
CHANDRASHEKHAR, PATRIK THUNSTROM, FELIX SORGENFREI, and
Heike HERPER — Department of Physics and Astronomy, Uppsala
University, Sweden

The valence 4f electrons in Cerium exhibit a strong itinerant ten-
dency, allowing them to exist in a mixed-valence regime, between lo-
calized and delocalized states. This regime hosts correlated electron
phenomena which has profound implications on the material’s mag-
netic, transport, and electronic properties. The shift in 5d orbitals
to higher energy levels, due to reduced screening from delocalized 4 f
electrons, provides critical insights into electronic properties. We study
this shift by probing 2p to 5d transition using X-ray Absorption Spec-
tra(XAS). However, accurately modeling the light-matter interaction
in such systems remains challenging due to the itinerant nature of the
4f electrons, strong core-hole effects, multiplet interactions, and hy-
bridization dynamics. In this work, we employ advanced theoretical
approach that combines density functional theory (DFT) with mul-
tiplet ligand-field theory (MLFT). This method enables computation
of Lg,3-edges by constructing and solving single-impurity Anderson
model (STAM) derived from first-principles calculations. Additionally,
we investigate sensitivity of the computed spectra to Slater integrals,
hybridization effects, and core-hole relaxation, offering new insights
into the intricate electronic behavior of Cerium-based systems. PC
acknowledges partial funding from Horizon Europe MSCA Doctoral
Network grant n.101073486, EUSpecLab, funded by European Union.

MM 9.70 Mon 18:30 P1
Stability of Agl Polymorphs and the AgI(0001) Surface
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Reconstruction eANGELA RITTSTEUER!, ANDREA CONTIZ,

MicHAEL ScuMID?, and GEorG Kresse! — 1University of Vienna,
Faculty of Physics, 1090 Vienna, Austria — 2TU Wien, Institute of
Applied Physics, 1040 Vienna, Austria

Silver iodide (Agl) is a compound widely used in cloud seeding due
to its ability to act as an effective nucleating agent for cloud conden-
sation. Under ambient conditions, Agl crystallizes in hexagonal or
cubic close-packed structures, the most prominent polymorphs being
the wurtzite and the zincblende structure. A comprehensive under-
standing of its groundstate structures and phase behavior is essential
not only to optimize its role in cloud condensation but also to explore
broader applications in solid-state chemistry and catalysis.

To investigate the stability of Agl polymorphs, we perform exten-
sive benchmarking studies across various levels of theory. These in-
clude Density Functional Theory with different approximations for the
exchange-correlation energy, hybrid Hartree-Fock Density Function-
als, and the Random Phase Approximation, offering a hierarchy of
accuracy. Building on recent atomic force microscopy studies of the
wurtzite AgI(0001) surface, we further provide theoretical insights by
developing a machine-learned force field and applying simulated an-
nealing and parallel tempering to study the surface reconstruction.

MM 9.71 Mon 18:30 P1
Investigation of Lloyd’s formula at finite electronic temper-
atures — oCHRISTIAN Maash2, MicHAEL CzeERNER!':2, and CHRIs-
T1AN HEILIGERD2 — lInstitut fiir Theoretische Physik, Justus-Liebig-
Universitédt GieRen — 2Center for Materials Research (LaMa), Justus-
Liebig-Universitat Giefsen

In DFT calculations within the Korringa-Kohn-Rostoker (KKR)
Green’s function formalism the integrated density of states is analyt-
ically given by Lloyd’s formula. Its better l-convergence can be used
for a precise determination of the Fermi energy and a charge density
normalization. In the past it has been shown that for finite electronic
temperatures the calculation of Lloyd’s formula can in principle be
done on the same energy mesh that is used for the calculation of the
charge density [1]. These calculations require to numerically evalu-
ate the derivative of Lloyd’s formula. We show that it is possible to
accurately determine the derivative without using additional energy
mesh points. This is done by interpolating Lloyd’s formula with cubic
splines which in turn are used to calculate the derivative. We compare
the method to calculations without electronic temperatures and show
that the spline interpolation does not lead to a significant accuracy
lost.

[1] R. Zeller 2005 J. Phys.: Condens.
https://dx.doi.org/10.1088,/0953-8984,/17/35/005

Matter 17 5367,

MM 9.72 Mon 18:30 P1
Fiber composite materials in construction of go-cart.
eMikHAIL BRUSNIKIN — Moscow, Russia

Lightweighting any vehicle, especially sports equipment, has always
been a pertinent issue, and I aimed to determine how significantly
material substitution would affect the mass of the power structure by
using modern composite constructions instead of classical steel solu-
tions, with the condition of maintaining the same torsional stiffness as
the steel sample.

Fiber composite materials are currently at the forefront of technol-
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ogy in terms of stiffness-to-weight ratio and are sufficiently accessible
for my research, which was focused on their application in a sports
device such as a go-kart.

The assumptions regarding the weight of the final product, which
were proposed at the beginning of the research, turned out to be er-
roneous. Even in the best-case scenario, the weight reduction of the
construction was less than anticipated.

MM 9.73 Mon 18:30 P1
RuNNer 2.0: An Efficient and Modular Program for High-
Dimensional Neural Network Potentials — e ALEXANDER L. M.
KnoLLb2, Moritz R. Scuirerb2, K. NikoLas Lausca!2, MoRiTz
GuBLER?, Jonas A. FINKLER3, ALEa Miako Toxital?, Gun-
NAR ScHMITz!2, HENRY WANGD2, RICHARD SPRINGBORNY'2, MARCO
Ecknorr?, and Jorc BEHLERD2 — 1Theoretische Chemie II, Ruhr-
Universitit Bochum, Germany — 2Research Center Chemical Sciences
and Sustainability, Research Alliance Ruhr, Germany — 3Department
of Physics, Universitit Basel, Switzerland — “Laboratorium fiir
Physikalische Chemie, ETH Ziirich, Switzerland

Machine learning potentials (MLPs) have become an important tool
for atomistic simulations in chemistry and materials science. As meth-
ods in this domain grow increasingly complex and mature, the creation
of efficient and user-friendly libraries now receives a lot of attention.
We introduce the second major release of RuNNer, an open-source,
standalone software package designed for constructing and evaluating
second-, third-, and fourth-generation high-dimensional neural network
potentials (HDNNPs). RuNNer 2.0 integrates the entire workflow into
a fully OpenMP- and MPI-parallel program: from generating atom-
istic descriptors, via training a specific machine learning model, to its
application in molecular dynamics simulations.

MM 9.74 Mon 18:30 P1
Hybrid soldering: Interfacial flux-doping of Cobalt nanopar-
ticles hindering the formation and growth of intermetallic
compound (IMCs) layers — eFarzap Kuopasaknsui!2, TRINA
Wobak!, ANDRIY YakymovycH!, GERHARD WILDEZ, and GoLra
Kuatisr! — Vienna University of Technology — 2University of Miin-
ster

The study investigated hybrid nanocomposite soldering of copper com-
ponents using a lead-free tin-based solder alloy (Sn-3.5 wt% Ag). To
suppress the growth of intermetallic compound (IMC) layers, specif-
ically Cu3Sn and Cu6Sn5, at the interface between the solder alloy
and the copper substrate during reflow solidification, a modified flux
containing cobalt nanoparticles was applied. The research focused on
the effects of incorporating cobalt nanoparticles in different fractions,
up to 1.0 wt%, on the microstructural development of the soldered
joints and the formation of IMC layers. Additionally, the impact of
post-soldering aging treatment, conducted at approximately 180°C for
extended periods (up to around 20 days), was assessed. The study an-
alyzed how the alloying of cobalt nanoparticles affected the structure
of Cu3Sn and Cu6Sn5 IMC layers, as well as the Sn-based solder alloy.
This was done using energy-dispersive X-ray spectroscopy (EDS) ele-
mental mapping in conjunction with field emission-scanning electron
microscopy (FE-SEM). Furthermore, the microstructural evolutions of
the soldered joints, influenced by the contribution of Co-nanoparticles
and the aging treatment, were characterized and discussed using elec-
tron channeling contrast imaging (ECCI) microscopy.
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Topical Talk MM 10.1 Tue 9:30 H10
Understanding the impact of disconnection flow on mi-
crostructure evolution — eMarco SarvaracrLio — TU Dresden,
Dresden 01062, Germany

In polycrystals, which are composed of misoriented grains and grain
boundaries (GBs), microstructure evolution primarily occurs through
GB migration. It is widely accepted that GB migration is mediated by
the flow of line defects with both step and dislocation characters, i.e.,
disconnections. Numerous phenomena associated with grain bound-
ary (GB) motion can, in fact, be linked to disconnection flow. This
presentation discusses novel fundamental aspects regarding how dis-
connection flow affects overall microstructural changes. First, with a
continuum (phase field) model of GBs that accounts for disconnec-

Location: H10

tions, we demonstrate that the generation of internal stress (shear
coupling) is the primary factor responsible for deviations from clas-
sical curvature-driven grain growth observed in recent experiments.
The relative impact of other factors is also briefly discussed. Second,
through atomistic simulations, a Markov chain model analysis, and
an experimental proof of concept, we demonstrate that asymmetric
GBs exhibit direction-dependent mobilities and unidirectional motion
under oscillatory driving forces or cyclic thermal annealing. This be-
havior can be attributed to the microscopic structure of GBs affecting
the nucleation barriers of disconnections. Additionally, our findings
suggest that applying oscillatory driving forces and non-equilibrium
thermal fluctuations accelerates grain coarsening in microstructures, a
conclusion further supported by numerical simulations.

MM 11: Topical Session: Defects of Defects

Time: Tuesday 10:15-13:00

Topical Talk MM 11.1 Tue 10:15 HI10

The role of disconnections in the shear-migration coupling
of grain boundaries — eMaRrc LeGros', ARMIN RAJABzADEH!,
RomAIN GauTiER?, NicoLas ComBE!, and FrREDERIC Mompiou!l —
LCEMES-CNRS, 29 rue Jeanne Marvig, 31055, Toulouse, France —

2UMET, Université de Lille, Cité scientifique, 59655 Villeneuve d’Ascq

Grain-boundary (GB)-based plasticity is an alternative to classical,
dislocation-based deformation. It is supposed to play a significant role
in nanocrystalline metals (d<100 nm) for example, that contain a large
proportion of GBs but virtually no dislocations. Among all the mech-
anisms potentially able to generate a permanent (plastic) deformation,
the dominant one is the so-called shear-migration coupling. Despite a
recent increase in simulations studies, its experimental characterization
remains very scarce. Aside from experimental obstacles, the problem is
very vast as real grain boundaries possess at least 5 degrees of freedom
and contains a potentially infinite number of disconnections, a specific
defect that combines step and dislocation characters.

Using both in-situ TEM experiments and molecular dynamic simula-
tions (NEB Nudge Elastic Band), we have shown that shear-migration
coupling involves the displacement of these disconnections. As dis-
locations in the crystal, the properties of these disconnections seem
to guide the coupling mechanism of migrating grain boundaries. The
overarching question becomes whether we should still consider a given
GB as a crystalline defect or a network of its own, which mechanical
properties (mobility, shear coupling) are governed by its nature or by
its defects?

MM 11.2 Tue 10:45 HI10
Atomistic simulation of point defects behavior inside grain
boundaries — eSERGEI STARIKOV, MaTous MRoVEC, and RALF
DrauTz — Ruhr University Bochum, ICAMS, 44801 Bochum, Ger-

many

The properties of point defects play a key role in the description of
many phenomena within grain boundaries (GBs), such as pre-melting
or atomic diffusion. Compared to the bulk, point defects inside GB are
characterized by low formation energy and high complexity. Thus, the
thermodynamic/kinetic properties of GBs strongly depend on the be-
havior of point defects. To reveal general aspects of this relationship,
we studied behavior of vacancies and self-interstitial atoms inside tilt
grain boundaries for several metals (Ni, Al, Fe, Nb, Mo and W) using
atomistic modeling. The simulations revealed that the self-diffusion
along the tilt GBs at low/moderate temperatures is mostly driven by
migration of self-interstitial atoms. However, heating leads to a change
in the GB diffusion mechanism to a more complex exchange process,
not related to specific defects, but similar to atomic diffusion in a lig-
uid. This change is due to the disordering complexion transition of
GBs, which also significantly affects GB mobility.

MM 11.3 Tue 11:00 HI10
Impact of grain boundary defects on grain boundary dif-
fusion and segregation of Cr in Ni bicrystal — SHRAD-

DHA SEVLIKAR!, MoHAN G. MURALIKRISHNA!, DANIEL GAERTNER!,
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Location: H10

SERGEI STARIKOVZ, ToBiAs BRINK3, DANIEL ScHEIBER?, DARIA

Smirnova®, DANIEL IRMER®, BEnGt Tas!, VLapmMiR A. EsiN®6,
Vsevorop I. Razumovskiv?, CuristiaN H. LiesscHErR®7, GER-
HARD WILDE!, and eSErcry Drvinski! — lInstitute of Materials
Physics, University of Miinster, Germany — 2ICAMS, RU Bochum,
Germany — SMPI for Sustainable Materials, Diisseldorf, Germany
— 4Materials Center Leoben Forschung GmbH, Leoben, Austria —
5Mines Paris, PSL University, Evry, France — SUniversité de Lor-
raine, CNRS, Nancy, France — "RC FEMS, RU Bochum, Germany

Grain boundary diffusion of Cr in a near Sigma-11 Ni bicrystal is mea-
sured using the radiotracer technique. Opposite to expectations, two
distinct contributions to short-circuit diffusion along the nominally
single interface are distinguished and related to the existence of two
macroscopic facets with distinct inclinations and, as a result, distinct
structures. The segregation factor of Cr in Ni is found to be about
unity, which is fully supported by ab initio calculations. Using clas-
sical atomistic simulations, Ni grain boundary self-diffusion rates are
calculated for the symmetric and asymmetric facets. An accelerated
self-diffusion kinetics along the asymmetric facet is observed and at-
tributed to the presence of disconnection-like defects. A heterogeneous
mechanisms governing atomic migration across distinct facets is cor-
roborated.

15 min. break

Topical Talk MM 11.4 Tue 11:30 HI10
Grain Boundary Spinodals: Faceting Instability and the Role
of Junction Energetics — eFADI ABDELJAWAD — Lehigh Univer-
sity, Bethlehem, PA, USA 18015

Interfaces greatly influence the physical properties and stability of ma-
terials microstructures. Of particular interest in crystalline solids are
phenomena that occur due to anisotropic interfacial properties. In
polycrystalline aggregates, several experimental observations revealed
that an initially flat GB profile may facet into hill-and-valley mor-
phologies with well-defined planes and junctions connecting them.
Dislocation-like defects exist at facet junctions, which in general con-
nect GB facets with different atomic structures and interfacial proper-
ties. Based on classical atomistic simulations and mesoscale modeling,
we examine GB faceting transitions and subsequent facet coarsening
dynamics. Our modeling framework accounts for anisotropic interfa-
cial energies, and it incorporates junction energetics and their non-local
interactions. The hallmark of our approach is the ability to indepen-
dently examine the various factors affecting this interfacial instability.
Theoretical and computational studies predict the dominant growth
morphologies as a function of GB facet junction energies. Further-
more, atomistic and mesoscale simulations show that when accounting
for junction energetics GB faceting and subsequent facet coarsening is
akin to spinodal decomposition in bulk materials. In broad terms, our
work provides an avenue to account for GB structural transitions in
models of microstructural evolution.

MM 11.5 Tue 12:00 HI0
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Defect Phase Diagrams for Grain Boundaries in Mg: Chem-
ical trends at Finite Temperatures — ePRINCE MATHEWS!, RE-
BECcCcA JANIscH2, TiLManN Hicker!:3, and J6rc NEUGEBAUER! —
IMax-Planck-Institut fiir Nachhaltige Materialien GmbH, Diisseldorf
— 2Interdisciplinary Centre for Advanced Materials Simulation, Ruhr
Universitit Bochum — 3Federal Institute for Materials Research and
Testing (BAM), Berlin

Lattice defects are known to directly influence the behaviour of materi-
als. The framework of defect phase diagrams (DPDs) offers a powerful
and knowledge-based approach for the tailored design of materials by
controlling defect phases in competition to bulk phases. Using ab-initio
methods and automized workflows, the DPD for the example of Ga
segregation to 37 [0001] 21.78° (sym. plane 12-30) Mg grain bound-
ary is calculated. It predicts a series of defect phase transformations,
which turn out to be in good agreement with transmission electron mi-
croscopy experiments. Similar to bulk phases, the stabilities of defect
phases can change with temperature. Therefore, different approaches
to extend the DPD considering the relevant entropy contributions are
discussed. A new sub-lattice model, which is focused on the statistics
of grain boundary site column coverages, provides promising insights
into temperature-dependent processes of defect phase transformations.

MM 11.6 Tue 12:15 HI10
A computationally highly efficient analytical model for the
description of defect phase diagrams — eJING Yang, MIrRA
Tobporova, and JORG NEUGEBAUER — Max Planck Institute for Sus-
tainable Materials, Diisseldorf, D-40237, Germany

In this work, we propose an analytical thermodynamic model for con-
structing defect and surface phase diagrams. The model is capable
of accurately describing the composition-temperature dependence of
phase transitions on the surface, including order-disorder ones. It pro-
vides a promising alternative to the sublattice model, which is com-
monly used in the CALPHAD framework to describe solution phases
with ordering, as we demonstrate using the system of Mg surface with
Ca substitutions. First, as a foundational reference we construct the
surface phase transition with grand-canonical Monte Carlo simulation

coupled with cluster expansion. The system undergoes a transition
from a solid solution (disordered) phase at high temperature, Ca-poor
condition to an ordered defect phase with 1/3 Ca coverage. We then
show that it is possible to accurately reproduce the critical transition
condition with an analytical model assuming a Boltzmann distribu-
tion of the phase fractions. Finally, we compare our method with the
sublattice model. The proposed method provides a computationally
highly efficient and easy-to-parametrize analytical model for construct-
ing defect phase diagrams.

Topical Talk MM 11.7 Tue 12:30 HI10
Atomistic structure of fcc-fcc interface in pure iron and
in nanomultilayers: insight from atommistic modeling —
eHELENE ZaPoLskY!, GILLEs DEMANGEZ, YURI BoRrRGEs GOMES
Lima3, Anastasial Trrova?, and RENauD ParTe® — 'GPM, UMR
6634 University of Rouen, France — 2GPM, UMR 6634 University of
Rouen, France — 3GPM, UMR. 6634 University of Rouen, France —
4GPM, UMR 6634 University of Rouen, France — °GPM, UMR 6634
University of Rouen, France

Very great interest in the structure of interphase interfaces between
fcc and bcc crystals has historically arisen due to their technological
importance in steels. These interfaces also play a crucial role in metal-
lic nanomultilayers (NMLs), where the presence of numerous semi-
coherent interfaces leads to a broad spectrum of novel and remark-
able properties. One such system, the Cu/Mo NML, holds promise
for thermal management applications due to the combination of cop-
per’s excellent thermal conductivity and molybdenum’s low coefficient
of thermal expansion. In these systems, defects at the fcc/bcece inter-
face have a profound impact the thermal properties of the materials.
Recently, the Quasiparticle Approach (QA), based on the phase-field
methodology, has emerged as a powerful computational tool for mod-
eling and predicting the atomic-scale structure of various interfaces.
In this work, we employ atomistic modeling to examine the detailed
structure of the fcc/bcee interface, exploring the relationship between
this structure and the mode of interface propagation during displacive
phase transformations in pure iron and in Cu/Mo NML.

MM 12: Materials for the Storage and Conversion of Energy

Non-Lithiumbased Materials, Characterisation and Simulation Methods

Time: Tuesday 10:15-13:00

MM 12.1 Tue 10:15 H22
Where Electrons Rest After Dark: Polaron Stability in
Opto-Ionic 2D Niobium Titanate — eCurisTorH DAHN!, YaNG
Wana?, Risov Das?, BETTINA V. LoTsch?, KARSTEN REUTER!, and
CHRISTIAN CARBOGNO! — 1Fritz-Haber-Institut der MPG, Berlin —
2MPI fiir Festkorperforschung, Stuttgart

Two-dimensional Niobium Titanate in alkaline solution is promising
for opto-ionic energy applications, since it can store photo-generated
charge carriers over macroscopic time scales. Although experiments
suggest polarons to play a key role for charge storage, identifying the
atomistic and electronic mechanisms active in this material has so far
proved challenging, also due to the intrinsic disorder of this compound.
In this work, we shed light on these aspects by performing hybrid
density-functional theory calculations. In a first step, we explore the
vast amount of possible lattice decorations resulting from the partial
occupation of Ti-sites with Nb, from which we identify a representative
set of stable configurations for this disordered material. In a second
step, we investigate the stability of polarons at different lattice sites in
these configurations. To qualitatively rationalize these results, a fuzzy
classification scheme [1] is applied to group comparable polarons ac-
cording to their local environment. This allows us to analyze how the
local environment influences polaron stability and, in turn, long-term
charge retention and its underlying mechanisms [2].

[1] K. C. Lai et al., J. Chem. Phys. 159, 024129 (2023).

[2] Y. Wang et al., J. Am. Chem. Soc. 146, 25467(2024).

MM 12.2 Tue 10:30 H22
Beyond Ion Dynamics: Efficient Charge Transport Simula-
tions including Polarons at Battery Scales — eMarTEO RI-
NALDI, KARSTEN REUTER, and CHRISTIAN CARBOGNO — Fritz-Haber-
Institut der MPG, Berlin
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Location: H22

Polarons have long been recognized as fundamental for charge trans-
port in battery materials - be it as charge carrier or as ion-transport
enhancer [1]. Nonetheless, a quantitative modeling of polaron dynam-
ics in such materials has, so far, remained elusive. On the one hand,
the activated dynamics of polarons requires time and length scales that
are inaccessible with first-principles methods. On the other hand, (ma-
chine learned) interatomic potentials do not capture electronic charge
transport by construction. In this work, we overcome this hurdle by
exploiting force-field models that explicitly account for the electronic
viz. polaronic degrees of freedom in a semi-classical, adiabatic fashion.
We demonstrate the viability of the approach for lithium titanium ox-
ide (LTO), a prototypical anode material for which polaron hopping
is known to play a decisive role [1]. To this end, we train an equivari-
ant message-passing model to density-functional theory data obtained
with hybrid functionals. By then performing large-scale molecular-
dynamics simulations with this force-field, we investigate both ionic
and polaronic transport in LTO as well as their dynamic coupling. We
show that polarons diffuse orders of magnitude faster than ions and
discuss the implications for the design of battery materials.

[1]M. Kick, C. Scheurer, and H. Oberhofer, ACS Appl.
Mater. 4, 8583 (2021).

Energy

MM 12.3 Tue 10:45 H22
Tuning electronic structure of CoNi LDHs via surface Fe dop-
ing for achieving effective oxygen evolution reaction — e Y UNLI
Surb2, Huapine ZHaol, Junaqr Li2, and Yonce Ler! — 1Fachgebiet
Angewandte Nanophysik, Institut fiir Physik & IMN MacroNano,
Technische Universitét Ilmenau, 98693 Ilmenau, Germany — 2School
of Materials Science and Engineering, Shaanxi University of Science
and Technology, Xian 710021, China

Cobalt and nickel-based layered double hydroxides (LDHs) are promis-
ing oxygen evolution reaction (OER) catalysts, but their performance
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is limited by poor conductivity and low intrinsic catalytic activity. In
this study, CoNi LDHs were used as a matrix, with iron sites intro-
duced onto the surface via cation replacement (Fe-CoNi LDHs). Un-
like ternary Fe-CoNi LDHs synthesized through conventional one-step
methods, the iron sites in Fe-CoNi LDHs are primarily located on the
surface and edges of nanosheets, ensuring abundant exposure of re-
active sites. Surface doping was found to optimize the coordination
environment and electronic structure, reducing the binding energy be-
tween reactants and active sites. As a result, Fe-CoNi LDHs exhibit an
overpotential of only 260 mV at 10 mA cm-2, demonstrating superior
OER performance. This study elucidates the electronic structure and
mechanism of enhanced activity, highlighting the potential of surface
doping to advance electrocatalytic applications.

MM 12.4 Tue 11:00 H22
Ferromagnetic chiral hybrid organic-inorganic perovskites —
eMuskaN NaBI and ALESSANDRO STROPPA — CNR - Institute for
SuPerconductors, INnovative materials, and devices Italy

In recent years, chiral hybrid organic-inorganic perovskites where the
organic cations are the *source* of chirality, have received great at-
tention from the physics and chemistry community. Their functional
properties enable the control of light, charge, and electron spins in
the same materials. Here, we discuss the intriguing *chirality transfer
mechanism* in newly synthesized ferromagnetic chiral hybrid inorganic
perovskite and their interplay with magnetism. Although the organic
cations are chiral and polar molecules, their arrangement in the crystal
structure results in a chiral non-polar space-group P212121. Moreover,
we discuss a new chirality order parameter such as the electronic chiral-
ity measure (ECM) aiming at quantify the molecular cation chirality
taking into account ionic and electronic degrees of freedoms simultane-
ously. Also, the relation of ECM to physical properties of chiral hybrid
perovskites will be discussed.

MM 12.5 Tue 11:15 H22
Enhanced Supercapacitor Performance of Sr-Doped Barium
Stannate (BaSnO3) Nanostructures: Synthesis, Characteri-
zation, and Electrochemical Insights — Araa Farip» 2 eDiaa
EL-RaaMAN Ravan!3 Moaraz Favep?, Saap MoHAMED?, AB-
peEL HakiM KanDIL2, MouAMED ABD EL-Nasser?, and MOHAMED
RasHAD! — 1Central Metallurgical Research and Development Insti-
tute (CMRDI), P.O. Box: 87 Helwan, 11421, Egypt — 2Chemistry
Department, Faculty of Science, Helwan University, Cairo, Egypt —
3Department of Physics, Deraya University, New Minia, Minya, Egypt
— 4Mining and Metallurgy Engineering Department, Tabbin Institute
for Metallurgical Studies, (TIMS), Tabbin, Helwan, Cairo Egypt

This study investigates the structural, morphological, thermal, and
electrochemical properties of Sr-doped barium stannate. The anneal-
ing of undoped BaSnO3 at various temperatures leads to the formation
of cubic BaSnO3 phase predominating at 1100 °C. The increasing Sr
ion doping induces lattice strain, with slight shifts in the (110) peak.
HR-TEM analysis confirms high crystallinity with a significant reduc-
tion in particle size from 125.3 to 22.6 nm due to Sr doping. Elec-
trochemical performance tests in a three-electrode configuration show
that Sr doping significantly enhances charge storage capacity, with
Ba0.85r0.2Sn03 achieving a maximum specific capacitance of 1902
F.g-1 at 1 A.g-1. Additionally, the device demonstrated an impressive
energy density of 65.6 Wh.kg-1 at a power density of 1633.54 W.kg-1.

15 min. break

MM 12.6 Tue 11:45 H22
Advanced Electron Energy Loss Spectroscopy techniques
in catalyst analysis eDANIELA RAMERMANN, MICHAEL
PoscumanN, CHrisToPH GOBEL, WENCHAO WAN, ErisaBETH H.
WoLr, Saskia HEumanN, HoLGgeEr RurLanDp, and WaLiD HETABA
— Max-Planck-Institut fiir Chemische Energiekonversion, Miilheim an
der Ruhr

Electron energy loss spectroscopy (EELS) is a powerful technique that
gives access to the electronic structure of the sample, enabling analy-
sis of elemental composition, chemical bonding and oxidation states.
Combined with the high spatial resolution of a scanning transmission
electron microscope, detailed analysis of a catalyst can be carried out,
to gain knowledge about the structure-function relationship. In addi-
tion to spatially resolved oxidation state analysis, accessing spectra at
higher energy losses than commonly used was recently reported.

We apply these techniques to investigate the oxidation states of

26

a CuZn-based MeOH catalyst system spatially resolved, using self-
measured standards. Furthermore, we give examples of the utilization
of EELS at high energy losses on a Co-based ammonia decomposition
catalyst.

MM 12.7 Tue 12:00 H22
Rapid Identification of Ion Migration in Solid-State Ion
Conductors from Machine-Learning Raman Spectroscopy —
MANUEL GRUMET!, TAKERU Mivacawal, KARIN S. THALMANNZ,
TomAs Bucko®#, eWaLDEMAR Kalser!, and Davip A. Ecaer! —
ITUM School of Natural Sciences, Technical University of Munich —
2Institute of Physics, University of Freiburg — 3Faculty of Natural
Sciences, Comenius University of Bratislava — 4Institute of Inorganic
Chemistry, Slovak Academy of Sciences

Raman spectroscopy is a rapid, non-invasive, and widely available tech-
nique that provides a fingerprint of atomic vibrations within solid-state
materials. In this work, we demonstrate evidence of Raman signatures
that arise from the migration of ions within solid-state ion conductors.
We use a rapid computational framework, which consists of machine-
learning molecular dynamics simulations [1] and machine-learned po-
larizability tensors [2], to predict finite-temperature Raman spectra
of two classes of superionic conductors, i.e. Agl [3] and NagPnSy
(Pn=P,Sb) [4]. Our simulation results indicate pronounced and broad
low-energy Raman intensities due to the host lattice that are correlated
with the diffusion of cations. These insights can open novel synergies
with experiments to rapidly screen novel compounds for future battery
materials. [1] Miyagawa, et al. J. Mater. Chem. A. 12, 11344-11361
(2024) [2] Grumet, et al. J. Phys. Chem. C, 128, 15, 6464-6470 (2024)
[3] Brenner, et al. Phys. Rev. Mater. 4, 115402 (2020) [4] Brenner, et
al. J. Phys. Chem. Lett. 13, 25, 5938-5945 (2022)

MM 12.8 Tue 12:15 H22
Ion Dynamics in Li-Garnet Electrolytes from Machine-
Learning Molecular Dynamics and Raman Spectroscopy —
eTAkERU Mrvacawal, Hyunwon Cru?, WiLLis O’LEARY?, MANUEL
GruMET!, JENNIFER L.M. Rupp'2, WALDEMAR KaIser!, and Davip
A. Eccer! — 1TUM School of Natural Sciences, Technical Univer-
sity of Munich — 2Department of Materials Science and Engineering,
Massachusetts Institute of Technology

Lithium lanthanum zirconate (LLZO) is a promising electrolyte com-
pound for solid-state batteries. Despite subtle differences in the struc-
tural properties, its cubic phase, often stabilized by doping, strongly
exceeds the tetragonal counterpart in its ionic conductivity. Here,
we study the interplay of Li ion migration and host lattice dynam-
ics in tetragonal and cubic LLZO, and compare the ion dynamics to
Ta-doped LLZO, using machine-learning molecular dynamics bench-
marked in our previous study [1]. We observe a strongly correlated
Li-ion migration in the undoped cubic LLZO at increased tempera-
tures, whereas the tetragonal phase showed no Li ion conduction. In
contrast, Li ion hopping is the dominant mechanism in Ta-doped cubic
LLZO. Additionally, we compute finite-temperature Raman spectra [2]
of the LLZO materials and correlate them to experiments. Our pre-
dicted Raman results accurately align with measured Raman spectra,
allowing us to reveal concrete vibrational motifs that may be utilized
to screen LLZO films for the presence of the conductive cubic phase.
[1] Miyagawa, et al. J. Mater. Chem. A 12, 11344 (2024) [2] Thomas,
et al. Phys. Chem. Chem. Phys. 15, 6608-6622 (2013)

MM 12,9 Tue 12:30 H22
Extracting Gibbs free energies from local composition fluctu-
ations in atom probe data — ePaArisHA DiwaN, JIANSHU ZHENG,
Rova Duran, Guipo ScHMITZ, and SEBASTIAN M. EicH — Univer-
sity of Sttugart
In this work, thermodynamic fluctuation theory which is tradition-
ally used for liquids has been extended to solids by incorporating an
additional elastic work component to account for local composition
variations, which is not present in liquids. In solids, composition fluc-
tuations are quantified through the relative variance of the composition
histogram, which is influenced by the evaluation volume size and in-
terface effects. These fluctuations are key to determining the Gibbs
free energy of mixing in solid alloys. The technique most suitable for
identifying local composition fluctuations is Atom Probe Tomography
(APT), which provides high-resolution, 3D spatial chemical informa-
tion at the atomic level. This allows for the detection of local com-
position variations in solid materials, making it an ideal tool for the
evaluation of the extended fluctuation theory. The study applies this
theory to a Cu-Ni alloy, using experimental APT data and spatial
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frequency distribution analysis. By comparing the results with ex-
isting phase diagram data, the method demonstrates its effectiveness
in extracting the Gibbs free energy of mixing from local composition
fluctuations in solids. The comparison with the latest CALPHAD de-
piction of the miscibility gap further supports the reliability of the
method, showing that the proposed approach can accurately predict
thermodynamic properties in solid alloys based on atomic-scale data.

MM 12.10 Tue 12:45 H22
Nanoscopic Bubble Formation during Hydrogen Desorption:
Insight from Simulations and Neutron Scattering at the
Nanometer Scale and its Impact on Hydrogen Storage Per-
formance — eARNAB MaJumpAR!, NESLIHAN AsLAN!, MARTIN
MuLLERY2, and SEBAsTIAN Buscu! — 'GEMS at MLZ, Helmholtz-
Zentrum Hereon — 2Kiel University

Chemical hydrogen storage using complex hydrides is promising; char-
acterizing the process at various length scales is crucial for optimizing

this approach. At the nanometer length scale and below, neutron scat-
tering is a powerful non-destructive technique, in particular because of
hydrogen’s significant scattering interaction with neutrons. Addition-
ally, neutrons scatter differently depending on the isotope, allowing
deuterium to be used in place of hydrogen.

Small Angle Neutron Scattering (SANS) is suited for characterizing
structures at the nanometer length scale. In situ measurements con-
firmed the occurrence of the hydrogen storage process but the measure-
ments alone could not provide complete details about the processes.

Computer simulations were performed; the most suitable model de-
scribed the nanoscopic structure using the probability distribution of
different compounds. The evolution of initial to final probability dis-
tribution was modelled according to different chemical kinetic models.
This approach qualitatively reproduces the experimental data, suggest-
ing the presence of trapped gas at the nanometer scale during desorp-
tion. This key insight enables an estimate of volumetric performance
at the engineering scale, which shows a good match with experiments.

MM 13: Topical Session: Defects of Defects

Time: Tuesday 14:00-15:30

Topical Talk MM 13.1 Tue 14:00 HI10
Dynamics of dislocations and grain boundaries during re-
crystallization of metal nanoparticles — eEugeEN RaABKIN and
JONATHAN ZIMMERMAN — Department of Materials Science and En-
gineering, Technion - Israel Institute of Technology, Haifa, Israel

Recrystallization of bulk metals plays a central role in materials pro-
cessing, yet it has not been utilized so far for the synthesis of metal
nanoparticles. In this work we describe the kinetics of recrystallization
and related annealing phenomena in Pt nanoparticles. We uniaxially
deformed the particles, annealed them both in-situ and ex-situ, and
characterized their morphology and microstructure. Our findings re-
veal that new grains often nucleate within the parent particle, only to
be rapidly reabsorbed back into it, with a strong correlation between
this phenomenon and particle size. We propose a model that com-
bines recrystallization and recovery through dislocation annihilation
at the particle surface, predicting a critical size for recrystallization
in nanoparticles. Finally, we propose a set of rules for nanoparticle
recrystallization, mirroring the rules of recrystallization in bulk mate-
rials.

MM 13.2 Tue 14:30 HI10
Hierarchy of defects in near-Y5 tilt grain boundaries in cop-
per studied by length-scale bridging electron microscopy —
eHu1 Dinc!, ANoosueEH AkBARIZ2, EnzE CHENS, HARALD ROSNERZ,
Tmiorey FroLov?, Sercry Divinskr?, GERHARD WILDE?, and
CurisTIAN H. LieBscHER? — !Max Planck Institute for Sustainable
Materials, Diisseldorf, Germany — 2University of M\ unster, Institute
of Materials Physics, Miinster, Germany — 3Department of Materi-
als Science and Engineering, Stanford University, Stanford, CA 94305,
USA — “#{Materials Science Division, Lawrence Livermore National
Laboratory, Livermore, CA 94550, USA — ®Faculty of Physics and

Astronomy, Ruhr University Bochum, Bochum, Germany

Grain boundaries (GBs) are material imperfections that significantly
impact material properties. In this study, we utilized aberration-
corrected scanning transmission electron microscopy to examine the
structure of a series of near- ¥£5(310)[001] tilt grain boundaries in cop-
per. Globally, the GB appears flat with no noticeable defects. On
the atomic-scale, however, various types of GB defects are observed.
When a slight deviation in the misorientation is introduced, a pattern-
ing emerges featuring characteristic structural units from the 25 (310)
[001] and 35 (210) [001] tilt boundaries. The structural landscape
of the GB becomes more complex when GB plane inclination is also
present, such as a wavy morphology or staircase-like architecture. Our
investigation into GB structure, particularly its inherent defects, is a
prerequisite towards gaining atomic-scale insights into their potential
impact on material properties.

MM 13.3 Tue 14:45 HI10
Data-driven modelling of vacancy segregation to grain-
boundaries — eCHRISTOPH DOSINGER, OLIVER RENK, and LORENZ
RoMANER — Montanuniversitat Leoben, Department of Materials Sci-
ence, Roseggerstrafe 12, A-8700 Leoben, Austria
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Both vacancies and grain-boundaries (GB) are important defects in
materials. The vacancies can interact with the GBs which might lead
to a formation of voids, as a result this might start the formation of
pores or cracks. From atomistic simulations it is known that vacan-
cies can be attracted to GBs, which indeed may act as sinks for the
vacancies. However, such simulations, especially if performed using
ab-initio, methods can be tedious and costly. In this work we apply
machine learning (ML) methods to predict the segregation energies
of vacancies to GBs, which give a measure how strongly a vacancy
is attracted to specific sites at different GBs. For this ML approach
each segregation site is described by its local environment which can
be encoded by using for example Steinhardt or SOAP parameters. To-
gether with the site-specific segregation energies a regression model,
in our case a Gaussian Process, is trained. Previously we have shown
that this approach can be used to predict the segregation of solutes to
grain-boundaries. This method for prediction the segregation of va-
cancies is tested and applied to GBs in tungsten, for which a complete
data-set is available for 15 different GBs (X3 — X43). By using this
diverse set of GBs, it will be possible to predict the GB segregation of
vacancies for general GBs or polycrystalline materials.

MM 13.4 Tue 15:00 HI10
A high-throughput ab initio segregation study of light ele-
ments at Ni grain boundaries and their effects on cohesion
— eHaN Lin Mar!, Jore NEUGEBAUER!, and TiLmMANN HIicKEL2
— 1Max-Planck-Institut for Nachhaltige Materialien GmbH, Dussel-
dorf, Germany — ?Bundesanstalt fiir Materialforschung und -priifung,
Berlin, Germany

Segregation of alloying/tramp elements to grain boundaries (GBs) can
drastically affect the properties of metallic alloys. We present a high-
throughput density-functional theory-based study on the segregation
of smaller elements, H, B, C, N, O, P, S, in a variety of FCC Ni GBs
and their effects on cohesion. To support GB engineering efforts, we
investigate the thermodynamics of segregation and calculate its effects
on interface cohesion. These elements often play a significant role
in engineering alloys, but their positioning at GBs is ambiguous and
challenging to study. The study utilizes efficient and highly automated
workflows using the integrated development environment pyiron. We
discuss chemical and structural trends for segregation and cohesion at
GBs for these elements. In order of segregation binding strength at
GBs, the trend is approximately O > B, S > P > N = C = H. Elemental
trends for maximum segregation binding strength across various GB
models are largely consistent, enabling qualitative cross-element com-
parisons through small GB sets. However, conventional metrics, such
as GB energy, are insufficient for predicting segregation strength or
quantity for these elements.

MM 13.5 Tue 15:15 HI10
Mechanistic Influence of Interstitial Solutes on Hydrogen
Trapping at 5 GB in v-Fe — ePouLAaMI CHAKRABORTY, M AURI-
cio RincoN BoniLLa, and ELENA AKHMATSKAYA — Basque Centre
for Applied Mathematics, Bilbao, Spain

The local variation of grain boundary atomic structures and chemistry
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caused by segregation of impurities influences the macroscopic prop-
erties of polycrystalline materials. Here, the effect of co-segregation
of carbon and boron on hydrogen segregation at a X5 (210) [001] tilt
grain boundary in y-Fe phase is studied by density functional theory.
The grain boundary structure predominantly features kite-like motifs,
which are disrupted by atomic-scale defects. First-principles calcula-
tions indicate that carbon and boron exhibit the strongest segregation

tendency. Their interaction with aluminum is notably repulsive, lead-
ing to aluminum depletion at the grain boundary. Subsequently, the
effect of boron and carbon co-segregation is studied with the introduc-
tion of H at the GB. Our comprehensive investigation provides valuable
insight in the interaction of interstitial impurities with substitutional
solutes, which, strongly influences grain boundary composition and the
properties of the interface.

MM 14: Materials for the Storage and Conversion of Energy (joint session MM /KFM)

Time: Tuesday 14:00-15:15

MM 14.1 Tue 14:00 H22
Multiscale defective interfaces for realizing Na-CO2 batter-
ies with ultralong lifespan — €CHANGFAN XU, TZUCHIN HUANG, and
YONG LEI — Fachgebiet Angewandte Nanophysik, Institut fiir Physik
& IMN MacroNano, Technische Universitdt Ilmenau, 98693 Ilmenau,
Germany

The cycling capability of Na-CO2 batteries has been impeded by
limitations in the kinetics of cathodic CO2 reduction/evolution re-
action (CO2RR/CO2ER) as well as the challenging process of de-
positing/stripping metallic Na during cycling.[1-3] Herein, a ”two-in-
one” electrode with multiscale defective FeCu interfaces (CP@FeCu)
is presented, improving the kinetics of CO2RR/CO2ER and modulat-
ing sodium deposition behavior.[4] The enhancement of sodiophilicity
and catalytic properties is attributed to multiscale defective FeCu in-
terfaces, as revealed by experimental and theoretical investigations.
The defect and valence oscillation effects originate in multiscale de-
fective FeCu interfaces, effectively facilitating reactant adsorption and
Na2CO3 decomposition during CO2RR/CO2ER processes, along with
exceptional cycling stability of 2400 cycles (4800 h) at 5 pA cm*2.
Meanwhile, the CP@QFeCu with high sodium affinity creates a uniform
electric field and strong Na adsorption, promoting favorable nucleation
sites for dendrite-resistant and durable anodes. This work provides
scientific insights into the design of "two-in-one” electrodes, which are
crucial for addressing challenges in sodium anodes and CO2 cathodes.
[1] Small 2023, 2206445 [2] Adv. Funct. Mater. 2023, 2300926 [3] En-
ergy Environ. Mater. 2024, 7, 12626 [4] Adv. Mater. 2024, 2409533

MM 14.2 Tue 14:15 H22
Electro-chemo-mechanical behavior of a layered cathode ma-
terial upon cycling — eRoBErRT LOser!, Yuc Josui?, Ronam
TaLer!, and Guipo Scumitz! — 1University of Stuttgart, Stuttgart,
Germany — ?Max-Planck-Institut fiir Nachhaltige Materialien GmbH,

Diisseldorf, Germany

The mechanical properties of lithium-ion cathode materials play a crit-
ical role in determining battery performance such as cycle life, durabil-
ity, and safety, especially when the battery is under external pressure
which is typical for all-solid-state batteries. This research investigates
LiCoO2 (LCO), a prevalent hexagonal layer-structured cathode mate-
rial, and explores its mechanical responses during de-/lithiation using
sputter-deposited thin films and nanoindentation. The values of the
experimental Young*s modulus in pure (101) and (003) lattice orien-
tations are quantified to 337.1 * 8.7 GPa and 267.9 * 7.2 GPa, respec-
tively, in the fully lithiated state. Furthermore, a substantial texture-
dependent decrease in Young*s modulus upon lithium deintercalation
is demonstrated, probably due to modification of the bonding inter-
actions between the cobalt oxide layers. Delithiation also elevates the
relative contribution of plastic deformation, indicating that dislocation
glide becomes easier in deintercalated states. By extensive cycling, the
Young*s modulus in higher lithiated charge-states decreases consider-
ably which is most-likely due to irreversibility of phase transitions.
The work provides valuable insight on the dynamic changes of the me-
chanical properties during electrochemical cycling of LiCoO2, which
paves the way for all other layered cathode materials.

MM 14.3 Tue 14:30 H22
MnTiO3 as a Carbon-Free Cathode for Rechargeable Li-
oxygen Batteries Doaa AnMED!2, WERNFRIED MAYR-
ScuMOLZER', MusTtara CELIK®*, ABDULKADIR KiziLasLan®#, and
¢CGREGOR VONBUN-FELDBAUER!"?2 — lInstitute of Advanced Ceram-
ics, TU Hamburg, Germany — 2Institute of Soft Matter Modeling,
TU Hamburg, Germany — 3Research, Development and Application
Center (SARGEM), Sakarya University, Turkey — %Department of
Metallurgical and Materials Engineering, Engineering Faculty, Sakarya
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University, Turkey

Lithium-oxygen batteries (LOB) are promising energy storage systems
due to their high theoretical energy density. However, their main
challenges are the sluggish kinetics of oxygen reduction and evolu-
tion reactions (ORR/OER) and high charge overpotentials. To over-
come these challenges, the development of a suitable catalyst is cru-
cial. Here, MnTiOg3 was investigated as a carbon-free cathode catalyst
using density functional theory (DFT) calculations and experimental
approaches. DFT calculations revealed the coexistence of Mn and
Ti energy levels near the Fermi level of MnTiOgz, which facilitates
ORR/OER. This feature endows MnTiO3 with a bifunctional role in
promoting battery performance. Our DFT-based investigation further
elucidates the surface stability and catalytic properties of MnTiO3. In
addition, experiments confirm that the electrochemical reactions on
MnTiOs3s follow a two-electron pathway. LOBs with MnTiO3 exhibit a
total overpotential of 1.18 V and 1.55 V from DFT and electrochemical
measurements, respectively, and current densities up to 1 A/g.

MM 14.4 Tue 14:45 H22
Modeling and optical characterization of Lithium deposition
on Copper current collectors — eLEN Kivmms!, TiaARK INGBERZ,
Dippo Dippens!2, and ANprREAs HEUER! — Institut fiir physikalis-
che Chemie, Universitat Miinster — 2Helmholtz Institute Miinster
(IEK-12), Forschungszentrum Jiilich GmbH

In this contribution, we will present modeling results of the initial de-
position of lithium metal on a copper current collector combined with
experimental insights. Zero—excess lithium-metal batteries (ZELMBs)
may offer higher energy densities, better safety, and reduced cost by re-
ducing the amount of lithium employed in the cell. Instead of an excess
of lithium as electrode, the anode is formed in situ during charging.
When charging the battery, lithium is plated on the current collector
directly. However, the lifespan of ZELBMs in practical applications is
still limited by irreversible loss of active lithium. The loss is induced by
the high reactivity of lithium which causes parasitic side reactions and
dendrite growth during charging cycles. To uncover the mechanisms
at play, the initial deposition of lithium metal has been experimen-
tally investigated by plating varying amounts on a copper surface with
different current densities. The deposits have been characterized by
scanning electron microscopy (SEM) and laser scanning microscopy
(LSM) in an automated way. Numerical simulations of a simple geo-
metric model were employed to uncover the relevant mechanisms which
govern the growth over different stages. Combining the experimental
and numerical results, an effective description of the deposition has
been found.

MM 14.5 Tue 15:00 H22
Preparation of Prussian blue analogue materials and their ap-
plication to potassium-ion batteries — ePinc Hong, Huaring
Zuao, and YonG LEr — Fachgebiet Angewandte Nanophysik, Institut
fiir Physik & IMN MacroNano, Technische Universitiat Ilmenau, 98693
Ilmenau, Germany

Prussian blue (PB) and its analogs (PBAs), with their unique open
framework structure and chemical stability, have emerged as promis-
ing cathode materials for potassium-ion batteries (PIBs). PB and
PBAs feature three-dimensional channels, facilitating rapid potassium-
ion intercalation and de-intercalation, thus delivering excellent rate
performance. Furthermore, its low-cost synthesis and environmentally
friendly properties provide a strong foundation for potential commer-
cial applications. Despite these advantages, the practical application
of PBAs is hindered by challenges such as their high solubility in elec-
trolytes and limited cycle stability and life. To overcome these limita-
tions, we optimized synthesis techniques (by simple adjustment of the
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co-precipitation method) and structural design, leading to significant
improvements in material performance. In addition, a series of adjust-
ments were made to the binder, electrolyte, and voltage range used
in the batteries. The improved PBA cathode exhibited remarkable
cycling stability, showing almost no capacity decay after 500 cycles

at a current density of 100 mA/g within the voltage range of 2.0-
4.0 V. It maintained excellent cycling performance even under high
current conditions, providing strong support for the advancement of
high-performance PIBs.

MM 15: Invited Talk: C. Scheu

Time: Wednesday 9:30-10:00

Invited Talk MM 15.1 Wed 9:30 HI10
Grain Boundary Defect Phases in Thermoelectric Materi-
als: Impact on physical properties — eCHRISTINA ScHEU!,
RuUBEN BUENO VILLORO!, S1YUAN Zuanc!, BaprisTE GauLr!, DUN-
CAN ZAVANELLI?, and GERALD JEFFREY SNYDER? — !Max-Planck-
Institute for Sustainable Materials, Max-Planck-Str. 1, 40627 Diissel-
dorf, Germany — 2Northwestern University, Clark Street 633, 60208,

Evanston, USA

Grain boundary defect phases are known since more than three
decades, but mostly the impact on mechanical properties was inves-
tigated. In our work we were able to correlate the atomic structure
and chemical composition of grain boundary defect phases in different

Location: H10

thermoelectric materials to the electrical and thermal properties. For
example, we were able to show by atom probe tomography and scan-
ning transmission electron microscopy that grain boundaries in p-type
Ti(Co,Fe)Sb Half-Heusler thermoelectric materials possess a significant
Fe segregation and Co depletion compared to the bulk. Atomic col-
umn resolved scanning transmission electron microscopy images reveal
that the grain boundary phase has a hexagonal close packed stacking
compared to the face centered cubic stacking of the bulk with lattice
distances differing from those of any known bulk phase. The grain
boundary defect phase acts as fast charge carrier pathway providing a
high electrical conductivity while simultaneously reducing the thermal
conduc

MM 16: Topical Session: Thermophysical Properties of Bulk Metallic Glasses and Bulk
Metallic Glass-forming Liquids

Time: Wednesday 10:15-13:00

Topical Talk MM 16.1 Wed 10:15 H10
Microstructure and transport in model isotropic amorphous
solids — ePETER DERLET — Condensed Matter Theory Group, Paul
Scherrer Institut, Switzerland

Amorphous solids lack long range order, however structural hetero-
geneity can exist over intermediate length scales suggesting the notion
of a glassy microstructure. Such spatial variations, whatever they may
be, can also be related to variations in thermally driven structural
fluctuation time scales. In this talk, I will present atomistic simula-
tions of model isotropic (metallic) binary glass systems spanning the
microsecond timescale, and discuss the resulting amorphous structure
in terms of bond frustration, demonstrating that despite the strong
disorder, a percolative region containing strong medium range order
emerges that fundamentally affects transport and dissipation. Par-
ticular focus will be given to how such simulations can give insight
into experiments probing arrested colloidal glasses obtained through
isotropic compression, and structural decorrelation in a metallic glass
probed by long-time x-ray photon correlation measurements.

MM 16.2 Wed 10:45 H10
Liquid-like versus Stress-Driven Dynamics in a Metallic
Glass Former Observed by Temperature Scanning XPCS —
eMaxiMILIAN FreY!, RaLr Buscu!, and Eror PiNepa2 — 1Chair
of Metallic Materials, Saarland University, Campus C6.3, 66123 Saar-
briicken, Germany — 2Department of Physics, Institute of Energy
Technologies, Universitat Politécnica de Catalunya - BarcelonaTech,
08019 Barcelona, Spain

Using high flux synchrotron radiation (ESRF, ID10), we study a Pt-
based metallic glass former via X-ray photon correlation spectroscopy
(XPCS) upon temperature scanning through the glass, glass transition
and supercooled liquid (SCL). In the equilibrium SCL, the obtained in-
tensity autocorrelation functions are well-described by a conventional
Kohlrausch-William-Watts (KWW) model. Yet, in the glass and es-
pecially the glass transition region, this approach fails. Instead, we
demonstrate that a multiplication of two KWW functions allows to de-
scribe the complex decay shape. Within the glass transition region, the
fit parameters of the two separate KWW fits decouple massively. While
one KWW component models the compressed shape of glass-typical
non-equilibrium dynamics, the other fit maintains stretched liquid-like
characteristics. We demonstrate that the compressed decay can be
likely addressed to ballistic-like atomic motions while the stretched
component apparently reflects (sub-)diffusive atomic motions, which
are both superimposed in the non-equilibrium.
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MM 16.3 Wed 11:00 H10
Non-monotonic hydrodynamic relaxations in a nanochan-
nel — eLinNEA Hrrrmeierb2, THomas VoigTmMAaNN'2, and JEs-
PER ScHMIDT HaNsEN® — lInstitut fiir Materialphysik im Weltraum,
Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Koéln, 51170
— 2Heinrich Heine University, Universitatsstraffe 1, Diisseldorf —
3DNRF Center Glass and Time, IMFUFA, Department of Science,
Systems and Models, Roskilde University, DK-4000 Roskilde

Nanotechnology is an active research field with applications in the
everyday-life, electronics and medicine.

In my talk, I will present results of Molecular-Dynamics Simulations
of a glass-forming liquid, which is confined in a nanochannel and ex-
cited with a sinusoidal force in order to probe the velocity relaxation
on different lengthscales.

I show that the velocity relaxation behavior in different regions of
the channel depends non-monotonically on the position of the fluid.

To explain the results, I will make use of the Maxwell-model for
fluids, which states that a fluid behaves like an elastic solid on small
timescales and like a viscous fluid on large timescales.

The simulation results can be recovered by this model, when using
generalizations of this model:

On the one hand, a two-mode-Maxwell-model captures the contribu-
tions from the short-time dynamics and the slow structural relaxation
to the viscosity. On the other hand, a spatially non-local generaliza-
tion of the Maxwell-model allows to capture the velocity relaxation in
the channel depending on different positions.

MM 16.4 Wed 11:15 H10
Structural Complexity and Atomic-Scale Dynamics in Metal-
lic Glasses — eEMEL GURBUZ and ELIF ERTEKIN — University of
Illinois Urbana-Champaign

Metallic glasses (MG) become prominent for their exceptional mechan-
ical strength, corrosion resistance, and versatile processing capabilities,
all strongly linked to their amorphous atomic structures. Despite ex-
tensive research, the interplay between structural motifs, their con-
nectivity, and the resulting dynamic behavior during glass formation
remains insufficiently understood.

This study uses molecular dynamics simulations to explore the dy-
namics of glass formation in MG systems with varying compositions
(FezZr100—z, CozZrioo—z, CugZripo—z). By analyzing melt-quench
trajectories, we identify key structural motifs, such as five-fold icosa-
hedra, and examine their role in the "freezing in" process. Regions
with rapid solidification and liquid-like behavior are characterized by
tracking atomic diffusivity distributions over time. Remarkably, se-
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quences of connected icosahedra persist as liquid-like regions even at
low temperatures, facilitating ionic transport.

Our findings reveal critical insights into the mechanisms govern-
ing structural and dynamic complexity in MGs, advancing the under-
standing of their formation and potential for designing functionally
optimized materials.

15 min. break

Topical Talk MM 16.5 Wed 11:45 H10
Structural relaxation and deformation of bulk metallic glasses
— oGERHARD WILDE — Institute of Materials Physics, University of
Miinster, Germany

In metallic glasses, relaxation is discussed in the context of shear trans-
formation zones, viscous flow, structural medium-range order (MRO)
and even crystal nucleation. However, the structural origin of different
relaxation modes and how these structures change during relaxation,
rejuvenation or deformation is rather unclear. In order to address some
of these related aspects, calorimetric measurements have been per-
formed together with TEM-based analyses of the local medium range
order structures before and after plastic deformation as well as after
controlled thermal relaxation. The combined results of macroscopically
averaging and spatially resolved analyses are discussed with respect of
the correlations between relaxation, deformation and modifications of
the MRO structure.

MM 16.6 Wed 12:15 H10
Tracing the Roots of Elastic Heterogeneity in Metallic Glass
— eREzA Rasuipi!'2, Birre RiecHERs!, and RoBERT Maass!:2:3 —
IFederal Institute of Materials Research and Testing (BAM), Unter
den Eichen 87, 12205 Berlin, Germany — 2Department of Materi-
als Engineering, Technical University of Munich, 85748 Garchingen,
Germany — 3Department of Materials Science and Engineering, Uni-
versity of Illinois at Urbana-Champaign, Urbana, IL 61801, USA

Metallic glasses (MGs) show structural and temporal heterogeneities
over a broad range of time and length scales. With the aid of atomistic
simulations, we can explain these dynamic and structural fluctuations
at the nanometer scale. Here, our focus shifts to the larger length scale
of property variations and the ongoing exploration of their origin. In
past work, we suggested that cooling constraints during solidification
could lead to elastic heterogeneities and therefor an elastic microstruc-
ture on the scale of 7100 nm (Materials & Design 229 (2023) 111929).
In this presentation, we further support this idea by examining various
casting geometries and thermal histories, tracking how elastic decor-
relation lengths change with sample size and position within the MG.
We also find that thermal annealing reduces decorrelation length-scale
gradients and smooths out fluctuations in modulus values (Scripta Ma-
terialia 255 (2025)116380). In concert with the nano-elastic property
assessment, we leverage spatially-resolved scanning nanobeam diffrac-
tion in the search for a structural origin of elastic microstructure.

MM 16.7 Wed 12:30 H10
Yield surfaces of glass-forming fluids — eSTEPHAN DoMann®2
and THOMAs VorcTmMaNND2 — lInstitut fiir Materialphysik im Wel-
traum, DLR Koln — 2Heinrich-Heine-Universitit

The yielding of amorphous solids depends in principle on the geometry
of the deformation applied to the solid. This defines a ”static” yield
surface in the state of principal stresses that is typically described by
empirical models (such as von Mises, Tresca, Drucker-Prager etc). In
a similar vein, approaching the glass transition from the fluid side, the
flow stresses approach a dynamical yield stress, defining the dynami-
cal yield surface as the geometry of the flow is varied. Owing to the
difficulty of imposing arbitrary steady deformation geometries, both
experiment and simulation data are scarce.

We will discuss an approach to model yield surfaces that is rooted
in a first-principle theory originally developed by Fuchs and Cates,
the combination of mode-coupling theory of the glass transition with
the integration-through transients framework (ITT-MCT). Using suit-
able simplifications, we recover some of the well-known empirical yield
surface descriptions as limiting cases. It also sheds light on the qualita-
tive differences arising between models of the upper-convected and the
lower-convected type. We also performed non-equilibrium molecular-
dynamics simulations of a model glass former to determine the dy-
namical yield surface. Surprisingly, this attains a shape that is in
qualitative agreement with the lower-convected model, although com-
mon expectation is that upper-convected models are more canonical
in emerging from microscopic descriptions of glass forming fluids.

MM 16.8 Wed 12:45 H10
Unveiling the Asymmetry in Density within the Shear Bands
of Metallic Glasses — eHaRrRALD ROsNER!, ARABINDA BERAZ,
and ALEssio ZaccoNg? — lUniversitat Miinster, Institut fiir Ma-
terialphysik, Wilhelm-Klemm-Str. 10, 48149 Miinster, Germany —
2University of Milan, Department of Physics ”A. Pontremoli”, via Celo-
ria 16, 20133 Milan, Italy

Plastic deformation in metallic glasses at room temperature leads to
the development of shear bands due to shear localization. In many
experiments, shear bands have shown local density variations along
their path, with a distinct imbalance in magnitude between local den-
sification and dilation. However, a comprehensive mechanistic under-
standing or theory to explain this asymmetry has been lacking until
now. Here, we introduce a new model [1] that consists of a sequential
arrangement of alternating topological charges, generating a dipolar
field. The resulting microscopic displacement field, when integrated
into the deformation gradient tensor, provides an accurate analytical
solution for the observed imbalances in the density variations. The
implications of this model are discussed, highlighting the potential to
elucidate a broader range of observations in shear bands.

[1] H. Rosner, A. Bera, and A. Zaccone, Phys. Rev.
014107 (2024).

B, 110(1),

MM 17: Development of Calculation Methods

Machine Learning, DFT
Time: Wednesday 10:15-12:45

MM 17.1 Wed 10:15 H22
Premature Convergence, It’s Nothing to be Embarrassed
About: Solving Performance Issues with Swarm-Based
Global Optimization to Generate Pt Nanoparticle Ensem-
bles — eJuLiaN HoLLAND!, MALGORZATA MaKos3, DIFAN ZHANG?,
MaL-SooN Lee3, RoceEr Rousseau®, CHRI1s-KRITON SKYLARISZ,
and Vanpa GLEzakou3 — 1Fritz-Haber-Institut der MPG, Berlin —
2University of Southampton, Southampton, UK — 30ak Ridge Na-
tional Laboratory, Oak Ridge, USA — *Pacific Northwest National
Laboratory, Three Cities, USA

Swarm-based global optimisation (GO) algorithms have proven suc-
cessful in exploring potential energy surfaces (PESs) of chemical sys-
tems. However, they are often limited by their serial implementation.
Our GO software, PYGLOBOPT, uses an asynchronously parallel arti-
ficial bee colony (ABC) methodology, mitigating this limitation. We
enhance PYGLOBOPT further by tuning parameters against a new, gen-
eral, ensemble generation assessment criterion. Using this criterion,
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Location: H22

we were also able to demonstrate how to overcome premature con-
vergence, an issue pervading the use of the ABC algorithm for some
systems, using a clustering-based methodology. We demonstrate that
using the clustering algorithm alongside tuned PYGLoBOPT parame-
ters can lead to a 5-fold increase in the number of unique low-energy
structures found as well as more than halving the average energetic
distance from the global minimum. We produce ensembles of ther-
modynamically relevant Pt nanoparticles with varying hydrogenation
using our enhanced software and compare to experimental results.

MM 17.2 Wed 10:30 H22
Charge Equilibration in Machine Learning Potentials —
eMARTIN VoNDRAKDZ,  JOHANNES MARGRAF!, and KARSTEN
ReuTER? — !Bayreuth University, Bayreuth, Germany — 2Fritz-

Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

Machine learning (ML) techniques have recently been shown to bridge
the gap between accurate first-principles methods and computation-
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ally cheap empirical potentials. This is achieved by learning a map-
ping between a system’s structure and its physical properties. To this
end, state-of-the-art models typically represent chemical structures in
terms of local atomic environments. This inevitably leads to the ne-
glect of long-range interactions (most prominently electrostatics) and
non-local phenomena (e.g. charge transfer), resulting in significant
errors in the description of e.g. polar molecules or materials in non-
isotropic environments. To overcome these issues, we are developing
ML frameworks for predicting charge distributions in molecules based
on Charge Equilibration (QEq). Here, atomic charges are derived from
a physical model using environment-dependent atomic electronegativ-
ities. In this presentation, we will demonstrate strategies for creating
long-range interatomic potentials on the example of Kernel Charge
Equilibration (kQEq) models combined with local Gaussian Approxi-
mation Potentials (GAP). An alternative approach, incorporating QEq
into the equivariant MACE neural network scheme will also be dis-
cussed.

MM 17.3 Wed 10:45 H22
Development of on-the-fly kinetic Monte Carlo framework
with neural network potentials for surface chemistry —
eTomoko YokaicHiyA, TarsusHi IkeEpa, Kokl Muraoka, and
AKIRA NakavyaAMA — The University of Tokyo, Tokyo, Japan

It is established that adsorbate-adsorbate lateral interactions in het-
erogeneous catalysis significantly influence adsorption and activation
energies. To further our understanding of the degree to which such
lateral interactions affect catalytic properties, we develop an ”on-the-
fly” adaptive kinetic Monte Carlo (kMC) simulation scheme. The
scheme proceeds by energetically evaluating each configuration, in-
cluding its local adsorbate-rich environment, using a neural-network
potential then stores them to a database for efficient reuse in later
kMC iterations. We apply this scheme to the industry-relevant inter-
actions of H adsorption and diffusion on Pd and Pt surfaces as well as
CO oxidation on Pt surfaces. With this scheme, we are able to elicit
the extent lateral adsorbate-adsorbate interactions influence surface
reactions and diffusion.

MM 17.4 Wed 11:00 H22
DECAF: An Open Source Local Atomic Environment Clas-
sifier — eKincg CHUN LaAl, SEBASTIAN MATERA, CHRISTOPH
SCHEURER, and KARSTEN REUTER — Fritz-Haber-Institut der MPG,
Berlin

Classification of local atomic environments (LAEs) is an inevitable
task in most atomic-scale modeling and simulation. The reason is
trivial, atoms’ characteristics are predominantly determined by neigh-
bors within a limited radius. The task itself, however, is abstract and
error-prone due to the diversity of structures and the often ambigu-
ous relationship between geometry and atomic behaviors. To address
these issues, we have developed the open-source package DECAF dur-
ing the last years [1]. DECAF automatically identifies equivalence
groups within atomic structure datasets on the basis of the LAEs.
We showcase the usage of the DECAF package on a set of nanotruc-
tures. We explain the theoretical background as well as the influence of
different options to control the outcome. A particular feature is DE-
CAF’s ability for out-of-sample classification, identifying LAEs that
differ from any groups in the training set. We provide examples where
this has been exploited such as automatic process exploration [2] or
active learning.

[1] Lai et al., J. Chem. Phys 159, 024129 (2023). DOLI:
10.1063/5.0160369 Available: https://gitlab.mpcdf.mpg.de/klai/decaf
[2] Lai et al., ChemRxiv (2024). DOI: 10.26434/chemrxiv-2024-jbzr7

MM 17.5 Wed 11:15 H22
Accurate TDDFT Excited-State Spectra Across the Full
Spectral Range — eMatrTHIAS Kick and TRoy VAN VOORHIS —
Massachusetts Institute of Technology, Cambridge, MA, USA

Theoretically, electronic excitations can be obtained by analyzing the
frequency components of the time-dependent dipole moment obtained
from real-time time-dependent density functional theory (RT-TDDFT)
simulations. Yet, an exact treatment of electronic excitations in large
systems with TDDFT is computational prohibitive. Super-resolution
techniques such as compressed sensing typically fail due to the pres-
ence of a quasi-continuum of electronic excitations. We present a new
approach where we combine exact short-time dynamics with approx-
imate frequency space methods. As a prototypical test system, we
use an organic dye-molecule adsorbed on a semi-conductor quantum-
dot surface. We calculate the entire electronic absorption spectrum of
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this system and find that our approach can accurately capture narrow
features and a quasi-continuum of states at the same time. We see
a reduction of the required amount of data points up to a factor of
20 compared to standard Fourier analysis. By doing so, our method
allows us to study electronic properties of large systems in ways that
are not currently possible.

15 min. break

MM 17.6 Wed 11:45 H22
Beyond-DFT Machine-Learning Interatomic Potentials and
Applications to Covalent-Organic Frameworks — eYuJ1 IKEDA,
AXEL ForsLunD, and BLazes GraBowskl — University of Stuttgart,
Germany

Covalent-organic frameworks (COFs) are nanoporous crystalline ma-
terials composed of covalent organic secondary building units (SBUs),
primarily composed of light elements such as C, N, O, and H. Many
COFs exhibit a quasi-two-dimensional layered structure, stabilized by
van der Waals (vdW) interactions. Machine-learning interatomic po-
tentials (MLIPs) offer an exciting opportunity to explore COFs, en-
abling access to extended time and length scales in molecular dy-
namics (MD) simulations. To accurately model vdW interactions,
MLIPs must be trained on datasets that include these effects, often
derived from vdW-DFT functionals. However, vdW-DFT methods are
essentially semi-empirical, with parameters calibrated for experimen-
tal agreement, raising concerns about their transferability. Instead,
we propose generating training data from post-Hartree-Fock methods,
such as coupled-cluster (CC) calculations, which are non-empirical and
provide beyond-DFT accuracy. By utilizing MLIPs trained on these
high-accuracy datasets, we aim to investigate the structural properties
of COFs in unprecedented detail.

MM 17.7 Wed 12:00 H22
Performance and limits of finite-temperature DFT for SiO2
— oAxEL ForsLunD, Jong Hyun Jung, BrLazes GraBowski, and
Yuit IKEpA — Institute for Materials Science, University of Stuttgart,
Germany

Silicon dioxide (SiO2) is a widely studied compound, yet far from fully
understood. It exists in a variety of different phases, several of which
are dynamically stabilized. These structures require dynamic vibra-
tions of the atoms to not transform, and pose a challenge from an
atomistic modeling point of view. Even in recent publications where
state-of-the-art machine-learning interatomic potentials (MLIPs) have
been used, the predictions differ significantly from experiments. For
example, the transition between the two dynamically stabilized phases
beta-quartz and cristobalite is very sensitive, and a single meV /atom
shift can change the transition by 100 K. Not only the accuracy of the
MLIP and the method for free-energy calculations matters, but also
the underlying ab initio data play a crucial role. We demonstrate this
sensitivity, and provide a simplified, yet precise method of estimating
the quartz-cristobalite transition temperature. This approach is accu-
rate enough to closely estimate the transition temperature using new
density-functional-theory (DFT) functionals, and we demonstrate this
for several functionals and on-top corrections. Our method is also effi-
cient enough for using the random-phase approximation (RPA), which
provides a transition temperature in very good agreement with the
average CALPHAD value, and thus serves as a benchmark for the
development of improved DFT functionals.

MM 17.8 Wed 12:15 H22
DSKO: Dancing through DFTB Parametrization — e ARTEM
SAMTSEVYCH, YIHUA SoONG, CHRISTOPH SCHEURER, KARSTEN
REUTER, and CHIARA PanoseTTi — Fritz Haber Institute of the Max
Planck Society, Berlin, Germany

Density Functional Tight-Binding (DFTB) offers a computationally
efficient alternative to ab initio methods, bridging between the accu-
racy of DFT and the speed of semiempirical models. The approximate
nature of DFTB makes its reliability highly dependent on parameter
quality. While recent advancements have significantly improved the
parametrization of the so-called repulsive potential, the parametriza-
tion of the so-called electronic part of the DFTB interaction remains
relatively simplistic and underdeveloped.

Here, we present our in-house DFTB Slater-Koster Optimizer
(DSK0), a novel DF'TB parametrization framework that aims at produc-
ing highly accurate and transferable electronic parameter sets, under
rigorous physical constraints. By incorporating robust optimization al-
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gorithms and physics-informed loss functions, DSKO generates param-
eters that align well with high-level DFT references, particularly in
predicting electronic properties like density of states (DOS) and band
gaps. The versatility of DSKO facilitates the application of DFTB to
a wide spectrum of materials science challenges, from catalysis to en-
ergy storage, paving the way for routine high-fidelity semiempirical
simulations.

MM 17.9 Wed 12:30 H22
A Fundamental Study of Slater-Koster Tables in Density
Functional Tight-binding within Trial Nickel Oxides Sys-
tems — eYIHUA SONG, ARTEM SAMTSEVICH, CHRISTOPH SCHEURER,
KARsSTEN REUTER, and CHIARA PaNosgTTI — Fritz Haber Institut

Density-Functional Tight Binding (DFTB), a semiempirical approxi-
mation to Density Functional Theory (DFT), is widely used thanks to

its undoubtful computational efficiency, which allows to access large
scale systems out of reach for DFT, while keeping adequate accuracy
and direct electronic structure information. To be mentioned, even
with non-spin polarized and non +U reference, the optimized param-
eters are able to be highly transferable to spin-polarized, DFTB-+U
and large scale calculations without any pain. The speed advantage in
DFTB originates from precalculating distance dependent two-center
interaction integrals for each atomic species pair, following the Slater-
Koster (SK) principle[l]. In a fundamental study of the prototypical
system Ni/NiOx, we test the hypothesis of adapting the SK integrals
depending on the local environment. Considering a trial structure con-
taining Ni in different oxidation states simultaneously, we find that as-
signing to each Ni "type” its optimal SK parametrization significantly
improves the description of the band structure and density of states.
Generalizing this concept opens a promising way towards adaptive,
reliable, machine-learnable SK parameters.

MM 18: SYMD contributed

Time: Wednesday 10:15-13:15

MM 18.1 Wed 10:15 H23
Relation Between Element Specific Chemistry and Basis Set
Size of Machine Learned Interatomic Potentials — eHAITHAM
GAAFER, JAN JANSSEN, and JOERG NEUGEBAUER — Max Planck In-
stitute for Sustainable Materials, Diisseldorf, Germany

Machine learned interatomic potentials (MLIP) have gained popular-
ity in materials science for their scalability and accuracy on par with
the Density Functional Theory (DFT) training data. Based on the
linear scaling with the number of neighbors, the primary focus in the
recent years was increasing the flexibility of MLIPs to further improve
their accuracy, as demonstrated by approaches such as Neural Net-
work potentials and the Atomic Cluster Expansion (ACE). The Bessel
functions and Chebyshev polynomials gained popularity as basis sets
to represent the atomic bonds and orbitals. Nonetheless, the connec-
tion between an MLIP’s basis set and its capability to represent the
chemical complexity of various elements is not yet well understood.

In this study, we use ACE, as implemented in the Pacemaker soft-
ware package, to investigate three non-magnetic transition metals (i.e.,
Al, Au, and Cu). For each element, we parameterize computationally
efficient ACE potentials based on a minimal basis set to achieve a
given root-mean-square error (RMSE) across both training and test-
ing datasets. We find that the complexity of the MLIP primarily de-
pends on the scaling of the per-atom energy distribution rather than
the chemical complexity of the elements. Consequently, it is primarily
a numerical effect rather than a chemical effect.

MM 18.2 Wed 10:30 H23
Physics-Based Generative Models: Enhanced Structure-
Property Sampling in Inverse Materials Design — ePaTRICIA
Konig!, NicoLas BeraMANN!, Piero Coronica2?, CHIARA
PanoserTi}, HaNnA TURk!, KARSTEN REUTER!, and CHRISTOPH
ScHEURER! — 1Fritz-Haber-Institut der MPG, Berlin — ?Max Planck

Computational and Data Facility, Munich

Data-driven approaches for the inverse design of novel materials with
desired properties have become a key tool in materials discovery. Here,
we introduce a framework using physics-based Generative Adversarial
Networks for enhanced structure-property sampling via latent space
design.

We are interested in sampling structures of two chemical systems
associated with different relevant physical quantities, like the work
function in the electrochemical adsorption of iodide and hydroxide on
copper surfaces, and the oxygen chemical potential in the CO to CO2
conversion over an amorphous RuOs2 catalyst. As part of our frame-
work, we track and evaluate the structural diversity and convergence of
our generator with machine-learning interatomic potentials and quan-
titative metrics. This enables a high throughput and cost-effective
evaluation of structural guesses and their related properties to lever-
age the full potential of generative models. Concluding, we are showing
on two model systems how to explore a vast chemical space of datasets
with sparse areas, particularly structures with high free energies in
transition states and diverse amorphous surface structures, thereby
advancing the understanding and design of novel materials.

MM 18.3 Wed 10:45 H23
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Active learning-based automated construction of Hamilto-
nian for structural phase transitions: a case study on BaTiOs3
— eMiaN Darl, Yixuan Zuanc!, Nuno ForrunaTo!, PENG CHEN?,
and HonGBIN Znanc! — lInstitute of Materials Science, Technical
University of Darmstadt, Darmstadt 64287, Germany — 2Physics De-
partment and Institute for Nanoscience and Engineering, University of
Arkansas, Fayetteville, Arkansas 72701, USA

The effective Hamiltonians have been widely applied to simulate the
phase transitions in polarizable materials, with coefficients obtained by
fitting to accurate first-principles calculations. However, it is tedious
to generate distorted structures with symmetry constraints, in partic-
ular when high-ordered terms are considered. In this work, we im-
plement and apply a Bayesian optimization-based approach to sample
the potential energy surface, automating the Hamiltonian construction
by selecting distorted structures via active learning. Taking BaTiOg3
(BTO) as an example, we demonstrate that the Hamiltonian can be
obtained using fewer than 30 distorted structures. Follow-up Monte
Carlo simulations can reproduce the structural phase transition tem-
peratures of BTO, comparable to experimental values with an error <
10%. Our approach can be straightforwardly applied on other polariz-
able materials and paves the way for quantitative atomistic modelling
of diffusionless phase transitions.

MM 18.4 Wed 11:00 H23
Comparing linear and deep learning surrogate models of ma-
terials electronic structure — eVaLDAs ViTaRTAS, CHEN QIAN,
JaMEs KErRMODE, and REINHARD MAURER — University of Warwick,
Coventry, UK

The self-consistent electronic Hamiltonian matrix from Density Func-
tional Theory (DFT) gives access to the electronic band structure and
the density of states of a material, albeit at a large computational
cost. Over recent years, several surrogate models based on linear
parametrization and deep learning have been proposed to efficiently
learn the electronic Hamiltonian as a function of the configuration and
composition of materials. In this work, we compare two such mod-
els, the ACEhamiltonians [npj Comput. Mater. 8, 158] and MACE-H.
Both provide a representation of the Hamiltonian in atomic orbital ba-
sis in terms of an equivariant many-body expansion of local atomic en-
vironments. In the case of ACEhamiltonians, the model parametriza-
tion is linear; for MACE-H, the representation serves as input to a
message-passing neural network. The models are trained on reduced,
valence-only Hamiltonian matrices for bulk gold and silicon generated
from all-electron DFT via an approximately eigenspectrum-conserving
transformation. We discuss the inherent strengths and weaknesses of
the models by illustrating their accuracy, performance, data efficiency,
and their ability to predict electronic quantities of interest for out-of-
distribution configurations.

MM 18.5 Wed 11:15 H23
MACE-H: Equivariant Hamiltonian prediction with many-
body expansion message passing — e¢CHEN QIAN, VALDAS VI-
TARTAS, JAMEs KERMODE, and REINHARD J. MAURER — University
of Warwick, UK



Regensburg 2025 — MM

The machine learning prediction of Kohn-Sham Density Functional
Theory (DFT) Hamiltonians has the potential to accelerate the pre-
diction of electronic properties, such as electronic band structures and
electron-phonon coupling, while avoiding computationally expensive
self-consistent field iterations. We introduce the MACE-H graph neu-
ral network, which combines the MACE body-order expansion message
passing scheme with node-degree expansion blocks to efficiently gener-
ate messages that incorporate all relevant SO(3) irreducible represen-
tations. This model achieves high accuracy and high computational
efficiency in capturing the local chemical environment. We demon-
strate the model performance using several open materials benchmark
datasets for 2D materials, achieving sub-meV prediction errors on
matrix elements. Moreover, we discuss how the many-body expan-
sion achieves higher data efficiency and examine its effect on out-of-
distribution prediction for nanostructures featuring long-range interac-
tions. To assess prediction outputs, we analyze the correlation between
errors and hermiticity. The high computational efficiency and accuracy
make the model a good candidate for electronic structure prediction
in large-scale systems and high-throughput material screening.

15 min. break

MM 18.6 Wed 11:45 H23
Inferring Structure-Property Relationships with Artificial In-
telligence: A Lignin Case Study — eMaArTHIAS STOSIEK and
Patrick RINKE — Technical University Munich, Munich, Germany

The potential of lignin as an abundant, underutilized biopolymer is in-
creasingly being realized. A key challenge for the targeted production
of lignins remains the poorly understood relation between lignin prop-
erties and its complex structure. Artificial intelligence (AI) methods
could reveal such structure-function relationships but remain elusive
in biomaterials research.

Structurally diverse lignins are extracted from birch wood combining
the Aqua Solv Omni (AgSO) biorefinery process and Al-guided data
acquisition|[1]. Each lignin sample is characterized with 2D nuclear
magnetic resonance (NMR) spectroscopy. A total of 95 collected NMR,
spectra are complemented with measurements of key lignin properties
such as the antioxidant activity.

To establish structure-function relationships, we first correlate re-
gions of the NMR spectra with the corresponding property measure-
ments. Subsequently, we use RFR feature importance analysis to iden-
tify structural features that correlate with each property and provide
a chemical interpretation of our findings. For instance, we find that a
higher number of 3-O-4 bonds leads to a lower surface tension in wa-
ter indicating a more linear lignin structure. Our structure-inference
approach is designed to be general and applicable to a wide range of
materials and characterization data.

[1] D. Diment et al., ChemSusChem 2024, ¢202401711.

MM 18.7 Wed 12:00 H23
Machine learning electrostatics: Open challenges from bat-
teries to proteins — eMax VEIT — Technische Universitdt Darm-
stadt, DE

Long-range interactions such as electrostatics have long been a con-
cern in developing accurate, efficient machine learning potential energy
surfaces (ML-PES). Such potentials have now become established as a
powerful technique allowing simulations of complex structures and pro-
cesses with unprecedented realism and accuracy. However, the most
widespread and successful methods to date do not incorporate any in-
teractions beyond a fixed cutoff range, typically a few coordination
shells. First, we need to ask the question of how methods with such an
obvious limitation can be so successful, even applied to systems where
long-range electrostatic interactions are known to be relevant. Second,
we need to ask what approach, among the many proposed over the
last decade or so, is the most appropriate if we want to incorporate
long-range interactions in an accurate, efficient, and physically appro-
priate way. We investigate these questions in the context of a tech-
nologically relevant, experimentally accessible test system: lithium-
intercalated graphite or nearly-graphitic nanoporous carbon. We first
discuss the characteristics of this system that make it uniquely suited
to machine learning simulation, then turn to the difficulties involved
in defining what exactly makes a “good” electrostatic model, or long-
range model in general, in the context of machine learning potentials,
and finally discuss the implications for other systems — such as complex
biomolecules — just out of the current reach of ML-PES simulations.

MM 18.8 Wed 12:15 H23

33

Wednesday
Data driven prediction of relative stability of binary and
ternary TCP phases. — eMariaNo Forti, RALF DrauTz, and
THomAas HAMMERSCHMIDT — Interdisciplinary centre for advanced

materials simulation, Ruhr-University Bochum

The study of precipitation of topological close packed(TCP) phases is
of primary importance for the performance of superalloys. However,
the structural complexity of these intermetallic compounds and the
chemical complexity of the superalloys with typically up to ten ele-
ments hampers the exhaustive sampling of chemical space by density-
functional theory (DFT) calculations. We overcome the related com-
putational limitations by combining machine learning (ML) techniques
with descriptors of the local atomic environment of the TCP phases
and the use of interatomic potentials to predict phase properties with
high precision. We illustrate our methodology studying the relative
stability of the complex phases R, P, M and § in binary and ternary
systems produced from the main components in Co, Ni and Fe based
superalloys.

MM 18.9 Wed 12:30 H23
Inverse Materials Design with Large Language Models —
eJaN JansseEN and JOERG NEUGEBAUER — MPI for Sustainable Ma-
terials, Diisseldorf, Germany

Large language models (LLM) are trained on a vast amount of scientific
literature to learn the included semantic, conceptional, and statistical
relationships. The LLM applies these relationships to generate re-
sponses in natural language based on the context of the conversation.
This raises the question: Can a LLM replace a scientist? Or how does
the thought process of a scientist differ from the statistical approach
of the LLM? Can the LLM make us better scientists?

We benchmark the capabilities of current LLMs to design new mate-
rials using atomistic simulations. While the required Python program-
ming is challenging for the LLM and suffers from hallucination, this
can be addressed with an agent-based approach by providing the LLM
with a series of simulation workflows for the pyiron workflow frame-
work. With these simulation workflows the LLM is not only capable to
calculate material properties but can also invert the process and lever-
age statistical models to identify alloying compositions which match a
pre-defined materials property, enabling inverse materials design.

Our benchmarks highlight the importance of developing scientific
workflows. The more a workflow reduces the technical and scien-
tific complexity of studying a given materials property the easier
it is to use for LLMs and scientists alike. In this way LLMs also
help us as scientists to validate and improve our scientific workflows.
https://github.com/jan-janssen/LangSim

MM 18.10 Wed 12:45 H23
Workflow Utilities within the NOMAD Infrastructure: Low-
ering the Barrier to FAIR Data Management for Computa-
tional Materials Science — ¢J.F. Rupzinski', E. Boypas!, N.
DarLMan!, B. Mour!, J.M. P1zarro!, T. Bereau?, C. Draxr!,
L.M. GuIRINGHELLI®, M. GirarRD?, D. Usvvar®, R. VALENTI®, and
S. Borti” — 'CSMB, HU Berlin — 2ITP, Heidelberg Uni. — 3Dept.
of Mater. Sci. and Eng., FAU Erlangen — *Max Planck Inst. for
Poly. Res., Mainz — ®Inst. fiir Chem., HU Berlin — SInst. fiir Theor.
Phys., GU Frankfurt/M — "RC-FEMS, Ruhr Uni. Bochum

NOMAD [nomad-lab.eu] [1] is an open-source, community-driven data
infrastructure, focusing on materials science data. The NOMAD soft-
ware can automatically extract data from the output of over 60 simula-
tion codes, has been extensively expanded to support advanced many-
body calculations and classical molecular dynamics simulations, and
allows straightforward specialization via a rapidly developing plugin-
based ecosystem. Both standardized and custom complex simulation
workflows not only streamline data provenance and analysis but also
facilitate the curation of Al-ready datasets. This contribution will fo-
cus on recently developed workflow functionalities and utilities within
the NOMAD infrastructure. These advances enable highthroughput
interfacing with the NOMAD repository, opening improved discovery
pipelines by leveraging the benefits of NOMAD’s comprehensive and
FAIR-compliant data management system [2].

[1] Scheidgen, M. et al., JOSS 8, 5388 (2023).

[2] Scheffler, M. et al., Nature 604, 635-642 (2022).

MM 18.11 Wed 13:00 H23
Freedom of design: towards in silico design of molecules
with desired quantum-mechanical properties — eLEONARDO
MEDRANO SaNDoNas!, Avressio FarLrLani?, JuLiaN CREMERS3,

ALEXANDRE TkATCHENKO?, and GIANAURELIO CUNIBERTI! — 1TUD
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Dresden University of Technology, Germany. — 2University of Lux-
embourg, Luxembourg. — 3Pfizer Worldwide R&D, Germany.

The rational in silico design of chemical compounds requires a deep
understanding of both the structure-property and property-property
relationships that exist across chemical compound space (CCS), as well
as efficient methodologies for defining an inverse property-to-structure
mapping. In this presentation, we will discuss these relationships in the
CCS sector spanned by small [Sci. Data 8, 43 (2021)] and large [Sci.
Data 11, 742 (2024)] drug-like molecules, highlighting the existence
of the "Freedom of design” principle [Chem. Sci. 14, 10702 (2023)].

The insights gained are subsequently leveraged to design molecules
with desired properties. To this end, we first developed a variational
autoencoder (VAE) approach and demonstrated that CCS can be pa-
rameterized using a finite set of quantum-mechanical (QM) properties
[Nat. Commun. 15, 6061 (2024)]. We showcased the capabilities of
this method by conditionally generating de novo molecular structures,
interpolating transition paths for chemical reactions, and providing in-
sightful insights into property-structure relationships. We expect our
work will contribute to the development of advanced generative frame-
works that enhance the in silico design and identification of molecules
for specific chemical processes.

MM 19: Invited Talk: L. Bourgeois

Time: Wednesday 15:00-15:30

Invited Talk MM 19.1 Wed 15:00 H10
Structure, interfacial segregation and transformations of
solid-state precipitates in aluminium alloys e LAURE
Bourceois?2, NIkHIL MEDHEKARZ, and MATTHEW WEYLANDL2 —
IMonash Centre for Electron Microscopy, Monash University, Victo-
ria, Australia — 2Department of Materials Science and Engineering,
Monash University, Victoria, Australia

Solid-state precipitates are key components of many materials, and
none more so perhaps than of lightweight alloys such as aluminium.
These precipitates are often deeply buried inside the alloy matrix
due to having at least one dimension at the nanoscale or even sub-

Location: H10

nanoscale. These precipitates are also, in most cases, metastable
phases that do not exist in a monolithic state, thus constituting dif-
ficult objects to characterise at the atomic scale. In this contribution
we present the structural determination of several precipitate phases
in lightweight alloys, including the classic Al-Cu, Al-Au and Al-Ag
systems. Using a combination of scanning transmission electron mi-
croscopy and atomistic simulations, we reveal the existence of new
interfacial structures and precipitate phases, and propose atomic-scale
models for the mechanisms of nucleation and growth. This includes
unexpected pathways for the formation of desired strengthening pre-
cipitates. These insights are used as a starting point to predict the
precipitation behaviour of other, largely unexplored, alloy systems.

MM 20: Topical Session: Thermophysical Properties of Bulk Metallic Glasses and Bulk
Metallic Glass-forming Liquids

Time: Wednesday 15:45-18:30

Topical Talk MM 20.1 Wed 15:45 H10
Magnetic properties of Fe-based amorphous alloys produced
by melt-spinning and selective laser melting — ePaorLa TiB-
ErTO — INRIM, Torino, Italy

Amorphous soft-magnetic materials play an important role as core
constituents in improving the energy transformation efficiency of elec-
trical machines and passive electrical components. Although the melt-
spinning process remains the main technique for obtaining amorphous
soft-magnetic ribbons with remarkable soft magnetic properties, new
and efficient production methods based on additive manufacturing
have been developed in recent years, enabling the direct synthesis
of larger elements. Ribbons were obtained by a conventional melt-
spinning process while 3D-printed samples were produced by additive
manufacturing via Selective Laser Melting (SLM) using powder of the
same alloy as a precursor. In this study, we investigate the hysteresis
properties of amorphous Fe-Si-B-based alloys in ribbon shape and 3D-
printed bulk samples produced by different casting techniques. The
SLM processing conditions have been observed to play a crucial role
in the microstructure of the printed parts and, therefore, in their mag-
netic properties, due to their dependence on morphology. The effect
of different printing parameters on magnetic properties, such as laser
power and scan speed, has been studied. This study highlights the
critical link between microstructure engineering through manufactur-
ing techniques and the resulting magnetic performance, offering in-
sights into optimizing both for enhanced energy efficiency in magneto-
electrical applications.

MM 20.2 Wed 16:15 H10
Advancements in Developing Fe-Based Metallic Glasses for
Additive Manufacturing of Soft Magnetic Components —
e AMIRHOSSEIN GHavIMI', MARvAM Ranmmi CHEGENI', PURBASHA
SHARANGI?, UMa RAJPUT?, GABRIELE BARRERAZ, ENzO FERRARAZ,
Paora TiBerTO?, IsaBELLA GaLLiNo®, and RaLr Buscu!
ISaarland University, Chair of Metallic Materials, Campus C6.3, 66123
Saarbriicken, Germany — 2INRIM, Strade delle Cacce 91, Torino, Italy
— 3Department of Materials Science and Engineering, Metallic Mate-
rials, TU-Berlin, Ernst-Reuter-Platz 1, 10587 Berlin, Germany

This research aims to create suitable Fe-based soft-magnetic amor-
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phous alloys for the 3D printing of motor components. Since a fully
amorphous structure of the 3D-printed parts is expected to improve
motor efficiency, i.e. increase magnetic softness and decrease energy
losses, the glass-forming ability (GFA) is enhanced through the ju-
dicious change of the alloy chemical composition while maintaining
competitive soft magnetic properties. The GFA of the compositions
was studied by evaluating the critical casting thickness (dc) of the sam-
ples. Subsequently, XRD, DSC and DTA were used to characterize the
structure and thermal behavior of the samples. The magnetic proper-
ties were determined by means of VSM in addition to the evaluation
of losses. The eutectic zone of the Fe-Si-B system was experimentally
determined. Evaluation of quaternary and quinary component alloys
involved studying the effects of promising elements such as phospho-
rous and nickel on GFA and magnetic properties.

MM 20.3 Wed 16:30 H10
Ni-Nb-(Ta)-P-Based Bulk Metallic Glasses: The Origin of
Glass Formation Based on Thermodynamics, Kinetics, Struc-
ture and Crystallization Behavior — eLucas M. RuscHEL and
RaALF BuscH — Chair of Metallic Materials, Saarland University,
66123, Saarbriicken, Germany

Ni-Nb-based bulk glass-forming alloys are among the most promising
amorphous metals for industrial applications due to their incompa-
rable combination of strength, hardness, elasticity and plasticity. A
successful approach in alloy development is so-called minor alloying,
where metallic glasses with improved properties and enhanced GFA
are produced, if the proper minor alloying element is chosen for the
respective base alloy. Here, minor additions of P to the binary Ni-Nb
system increase the GFA up to a record value of 5 mm, which sur-
passes the binary NigaNbsg alloy by 150 %. The partial substitution
of Nb by Ta further boosts the GFA up to 6 mm. To elucidate the
origins of the significant improvement in GFA, key properties such as
the thermodynamics and kinetics of the system are studied, including
the driving force for crystallization and the kinetic slowdown of vis-
cosity during the transition from the equilibrium liquid to the glassy
state. The primary precipitating phase, critical for glass formation, is
identified by high-energy synchrotron X-ray diffraction (HEXRD) un-
der containerless electrostatic levitation conditions. Complementary
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low-temperature HEXRD experiments reveal the structural evolution
across a wide temperature range, offering a comprehensive understand-
ing of the mechanisms responsible for the enhanced GFA.

MM 20.4 Wed 16:45 H10
Mechanical Behavior of Phase-Separated Zr-Al-Fe-Y Metal-
lic Glasses for Prospective Implant Applications — eDEVINDER
Singub?,  ParTHIBAN RAmasamy!, ANNA SopHIE JELINEKS,
CuristorH GAMMER!, ZaoLt Znanc!, and JORGEN Eckerr!3 —
IErich Schmid Institute of Materials Science, Austrian Academy of
Sciences, JahnstraRe 12, 8700, Leoben, Austria — 2Amity School of
Applied Sciences, Amity University Uttar Pradesh, Lucknow 226028,
India — 3Department of Materials Science, Montanuniversitét Leoben,
Jahnstrafe 12, 8700, Leoben, Austria

Phase separation arises from the substitution of Y in Zr70-
xAl12.5Fel7.5Yx (x=0-25 at.%) metallic glasses (MGs), resulting in
the formation of nano-amorphous domains within a glassy matrix. The
glasses with x > 10 show a typical liquid phase separation-induced
two-glassy phase (Zr-rich and Y-rich) morphology with droplet-like
microstructures. Atom probe tomography (APT) analysis confirms
the formation of nanometer-sized Y-enriched clusters for x=15 and 20.
The micro-hardness and nano-hardness are found to be in the range of
4.58-5.73 GPa and 5.22-6.11 GPa. The Zr-based MGs exhibit Young’s
moduli in the range of 81-91 GPa, which are lower than that of Co-Cr-
Mo, 316L SS and Ti-6Al-4V commercial implant alloys. Evaluation
of the cytocompatibility of the MG ribbons reveals high metabolic ac-
tivity and well-spread human gingival fibroblast (HGF) cells on the
surface of x=10 and 15 samples. Thus, the two glassy-phase Zr-based
MGs free of toxic elements (Ni and Cu) exhibit suitable mechanical
properties and biocompatibility for implant applications.

15 min. break

Topical Talk MM 20.5 Wed 17:15 H10
Diffusion and nucleation in AIl-Ni melts using machine-
learned MD simulations — JoHANNES SANDBERG!:23, Leon F.
Granz?3, and eTnomas VoiGTMANNZ3 — lUniversité Grenoble-
Alpes, Grenoble, France — 2Heinrich-Heine-Universitét, Diisseldorf,
Germany — 3Deutsches Zentrum fiir Luft- und Raumfahrt, Kéln, Ger-
many

The microstructure that forms during solidification of metallic melts
greatly influences the material properties. It depends crucially on the
microscopic transport properties, and the initial phase selection in the
cricial nucleus. Simulation of these phenomena faces two contradic-
tory demands: while the relevant length and time scales match well
that of classical molecular dynamics simulations, the sensitive depen-
dence on details of the interatomic interactions is only captured in
much smaller-scale quantum-mechanical simulations. In recent years,
machine-learned interaction potentials have helped to reconcilce these
requirements, allowing MD simulations to be performed with almost
DFT-like accuracy.

I will present results that we have obtained using high-dimensional
neural network potentials (HDNNP) to the case of Al-Ni melts and
nucleation processes therein. Crucially, we assess the performance of
the HDNNP by comparing to structural and dynamical experimental
data of the liquids at different compositions. This reveals also how the
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level of DFT closure chosen in the quantum-mechanical simulations
used to train the network influences the prediction of thermophysical
quantities.

MM 20.6 Wed 17:45 H10
Study of solidification behaviour of undercooled Zr-Ni-Cu
melts — oCHU Yul?, Fan Yanc?, DiRk HoLLAND-MoORITZ2, YIN-
poNc Fancl4 Ivan KaBan®, STePHANIE LipPMaNN?, and PETER K.
GaLENKO! — 1Otto Schott Institute of Material Research, Friedrich
Schiller University Jena, Jena, Germany — Z2Institut fiir Material-
physik im Weltraum, Deutsches Zentrum fiir Luft- und Raumfahrt,
Cologne, Germany — 3Leibniz IFW Dresden, Institute for Com-
plex Materials, Dresden, Germany — “Institute of Applied Physics,
Friedrich Schiller University Jena, Jena

We investigate the solidification behaviour of the glass-forming
Zr50CussNijs alloy employing different levitation techniques. The pri-
mary phase solidified from the undercooled melt has been found to be
independent of the degree of undercooling up to a level beyond the hy-
percooling limit, as observed by time-resolved X-ray diffraction. The
crystal growth velocity has been measured employing electromagnetic
levitation (EML), where solidification occurs under stronger fluid-flow
conditions compared to previous studies employing electrostatic levita-
tion (ESL). In both cases the observed growth velocity increases with
increasing undercooling, before reaching a plateau at undercoolings be-
tween 260-320 K. However, at small undercooling the growth velocities
measured with EML are slightly higher than that in ESL. The solidifi-
cation kinetics is discussed in terms of different crystal growth models,
taking into account the effect of fluid flow. The works is supported
by DFG, DLR, ESA via MULTIPHAS-project Nr. 50WM1941, and
ProChance-exchange Program of the FSU Jena.

Topical Talk MM 20.7 Wed 18:00 HI10
The effect of composition on the thermodynamics, struc-
ture, mechanical properties and atomic motion of (Pd-
Pt)42.5Cu27Ni9.5P21 alloys — eRALF BuscH — Saarland Uni-
versity, Saarbriicken, Germany

According to basic hard sphere models Pt should replace Pd in the
Pd42.5Cu27Ni9.5P21 alloy. But Pt42.5Cu27Ni9.5P21 shows signifi-
cant structural differences compared to the Pd based alloy. To study
the differences, we prepared a series of (Pd-Pt)42.5Cu27Ni9.5P21 al-
loys replacing Pd with Pt. We assess the thermodynamic functions
revealing that the driving force for crystallization increases with the
increase of the Pt content, which is in line with the decreasing critical
casting thickness. The Pt-richer alloys are thermodynamically more
fragile than the Pd-rich alloys, which is revealed by a larger specific
heat capacity and a faster drop of the configurational entropy in the
Pt-richer alloys. High energy XRD (HEXRD) studies reveal that the
structure of the Pt rich alloys is dominated by its change in medium
range order whereas the Pd-rich alloy is dominated by extraordinary
short range order. The mechanical properties change drastically from a
ductile behavior on the Pt-rich side to an embrittlement with increas-
ing Pd content and decreasing Pt concentration. Nano-indentation
investigations together with the HEXRD studies reveal that the em-
brittlement with increasing Pd-content can be connected to the struc-
tural changes. We used XPCS to study the atomic dynamics of the
alloys as a function of temperature and wave vector.
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MM 21: Interface Controlled Properties,
Time: Wednesday 15:45-18:30

MM 21.1 Wed 15:45 H22
Plateau-Rayleigh-type failure mode of porous films and in-
terconnects near massive substrates: mitigation strategies —
eGIDEON HENKELMANN!, XINvAN WU2, and JorG WEISSMULLER!:3
— Mnstitute of Materials Physics and Technology, Hamburg Univer-
sity of Technology, Germany — 2Institute of Optical and Electronic
Materials, Hamburg University of Technology, Germany — 2Institute
of Hydrogen Technology, Helmholtz-Zentrum hereon, Geesthacht, Ger-
many

Nanoporous thin films are under study as functional materials for ac-
tuation, photonics, catalysis, energy storage and as semiconductor in-
terconnects. However, these thin films tend to self-detach from their
substrate. The same failure mode is also observed in sintered silver
paste, a widely used electronics interconnect material. In this work,
we discuss the origin of the underlying instability. Based on those
insights, we derive a mitigation strategy that depends on gradient in
porosity. Combining experiment with kinetic Monte Carlo simulation,
we validate the strategy and optimize the composition profile. An ex-
ponential gradient is found optimum, and this is rationalized by theory.
Our approach greatly improves the structural stability of nanoporous
thin films, enabling their more reliable use in advanced applications.

MM 21.2 Wed 16:00 H22
Compressive behavior and connecting topology of mono-
lithic nanoporous niobium — eSrovyun Soun'?, Suan Sur®!,
JURGEN MARKMANN'2, STEFAN ALEXANDER BERGER!, and Jora
WEIssMULLER?'! — lInstitute of Hydrogen Technology, Helmholtz-
Zentrum Hereon, 21502 Geesthacht, Germany — 2Institute of Ma-
terials Physics and Technology, Hamburg University of Technology,
21073 Hamburg, Germany — 3Research Group of Integrated Metal-
lic Nanomaterials Systems, Hamburg University of Technology, 21073
Hamburg, Germany

This study investigates the mechanical behavior of nanoporous (NP)
Nb fabricated through liquid-metal dealloying, with an eye on the role
of structure size and topology. Results from X-ray nanotomography
and macro-compression tests confirm that coarsening degrades yield
strength and that Young’s modulus deviates from scaling laws pre-
viously developed for NP Au made by dealloying in aqueous media.
Our analysis reveals that the scaled genus, a measure of network con-
nectivity, of NP Nb observed from the tomographic reconstructions
is lower than what has been reported for NP Au. This reduced con-
nectivity provides an obvious explanation for the low modulus of NP
Nb. Furthermore, the structural dispersion implies that additional
structural descriptors should be acknowledged to account for the me-
chanical differences between liquid-metal dealloyed materials and those
synthesized via conventional aqueous dealloying.

MM 21.3 Wed 16:15 H22
Unravelling the metal-support interaction of sub-monolayer
Pt thin films on manganese oxide via photoelectron spec-
troscopy — eMANUELA ARzTMANN!, RauL Garcia-Diez!, Jo-
HANNES Friscu!, and Marcus Birl:2:3:4 — 1Helmholtz-Zentrum
Berlin fiir Materialien und Energie GmbH, Germany — 2Energy Ma-
terials In-Situ Laboratory Berlin, Germany — 3Helmholtz-Institut
Erlangen-Niirnberg fiir Erneuerbare Energien, Germany — 4Friedrich-
Alexander-Universitat Erlangen-Niirnberg, Germany

In heterogeneous catalysis, metal-support interactions (MSI) have been
shown to greatly influence the selectivity and activity of catalysts, with
reducible supports as preeminent examples. The various oxidation
states accessible for manganese oxide allow to accommodate different
amounts of oxygen vacancies, making it a promising support with tun-
able properties for catalysis. Studies show that the oxidation state
of manganese is closely linked to its promoter capabilities in catalysis,
though the MSI is not well understood so far. In this 'in-system’ study,
the chemical and electronic structure of the interface between Pt and
manganese oxide was investigated by XPS/UPS as a function of Pt sur-
face coverage. The thin film model catalysts were prepared by e-beam
evaporation in a system directly connected to the XPS/UPS setup,
enabling precise control of the Pt thickness from sub-monolayer levels
to thick metal-like Pt layers, allowing for a systematic study of the
property evolution in the near surface region without leaving vacuum
conditions. Our results reveal an enhanced reduction of the manganese
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oxide with increasing Pt surface coverage indicating significant MSI.

MM 21.4 Wed 16:30 H22

Optical and electrical properties of borophene and
borophene/silicon junction — evaser ABDI!'2, MASOUD TALEB',
2 2

ALIREZA ESKANDARIZ, ZAHRA ALAVI?, MOHSEN MOAYEDI?, and NAHID
TaLEBI! — lInstitute of Experimental and Applied Physics, Kiel Uni-
versity, 24118 Kiel, Germany — 2Department of Physics, University
of Tehran, 1439955961 Tehran, Iran

Borophene, a 2D monolayer of boron atoms, possesses unique proper-
ties that have led scientists to conclude that it could be an excellent
alternative to graphene in future electronic device applications. In this
talk, which is based on our recent work on synthesis [1] and charac-
terization [2] of optical [3] and electrical properties of borophene and
borophene/silicon Schottky junction, I will discuss about the growth of
borophene using a chemical vapor deposition approach and investiga-
tion of its optical and electrical behaviors. Leveraging advanced deep-
subwavelength cathodoluminescence spectroscopy, we reveal the ex-
treme anisotropic optical response of borophene in the visible range[3].
Finally, direct growth of borophene on silicon to make Schottky junc-
tion will be explained and some opto-electrical measurements will be
presented. The optoelectronic response of a borophene/silicon-based
detector is approximately ten times higher than that of detectors fab-
ricated by transferring 2D materials onto silicon, due to the excellent
junction formed by the direct growth of borophene on silicon.

[1] ACS Applied Materials & Interfaces 2021 13 (7), 8844-8850
[2] ACS Applied Nano Materials 2024 7 (11), 13712-13719 [3] arXiv
preprint arXiv:2404.13609v2

MM 21.5 Wed 16:45 H22
Atomistic computer simulations of the influence of grain
boundary phases on segregation — eToBias BRINK, DoNGJIN
KiM, and GERHARD DEHM — Max Planck Institute for Sustainable
Materials, Diisseldorf, Germany

The properties of polycrystalline materials are often strongly affected
by grain boundary (GB) segregation. Segregation energies, in turn,
strongly depend on the available segregation sites and their atomic
environments in the GB. At the atomic level, however, GBs are not
only distinguished by their macroscopic, crystallographic parameters:
different GB phases (or “complexions”) can coexist even along the same
GB and consequently affect available segregation sites. Similar as for
bulk phases, the equilibrium atomic structure and chemistry of GBs
changes based on temperature, pressure, concentration, chemical po-
tential, etc.

Here, we investigate Ag segregation to [111] tilt GBs in Cu with
hybrid molecular dynamics/Monte Carlo computer simulations using
EAM potentials. These GBs are of interest because they exhibit two
GB phases, “pear]” and “domino”. Depending on the misorientation,
either the pearl or the domino phase can more easily accommodate Ag
segregants. As a consequence, the GB phases not only display distinct
segregation behavior, but the stability of the GB phases is now also a
function of the Ag excess concentration. An outlook on the effects of
other segregants will be given and comparisons to experimental results
will be discussed.

MM 21.6 Wed 17:00 H22
Characterizing the strength and stability of grain boundaries
in Ni alloys by atomistic simulations — REYHANEH GHASSEM-
1zADEH, eDANIEL F. UrBAN, and CHRISTIAN ELSASSER — Fraunhofer
Institute for Mechanics of Materials IWM, Freiburg, Germany

When increasing the in-service performance of engineering metallic ma-
terials, interfaces such as phase or grain boundaries (GB) may act as
the weakest links. For the nickel-base superalloy Alloy 718 intergran-
ular cracking can be a relevant damage mechanism as result of high-
temperature fatigue in an oxygen-rich environment. The reliable pre-
diction of the adhesion and mechanical stability of interfaces between
two grains in a microstructure of a material from atomistic calculations
remains a challenge. A possible approach to systematically address this
issue is an idealized cleavage simulation analyzed in terms of the Rose-
Ferrante-Smith universal binding energy relationship (UBER) which
results in a measure for the ideal work of separation and the maximum
tolerable normal strain. With this approach, we analyze the stability
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of GBs in Alloy 718 using density functional theory calculations and
thereby distinguish the influence of the different alloying elements on
the strength of these interfaces. Furthermore, we systematically exam-
ine the influence of oxygen at the GBs and thereby shed light on the
respective segregation-induced embrittlement in polycrystalline Ni sys-
tems. Our results can be used to parametrize traction separation laws
used in finite element modelling, allowing for microstructure-sensitive
modelling of fatigue crack formation and growth.

MM 21.7 Wed 17:15 H22
Ce-doped Ni-based nanocrystal ribbons for Near-Perfect In-
frared Absorbers — ¢T1MUGIN EMRE TaBARUL, ALT KARATUTLUZ,
IrREMNUR Duru?, and M. FaTtm KinicasLan® — ! Department of Elec-
trical Electronics Engineering, Sivas University of Science and Tech-
nology, 58000 Sivas, Turkey — 2Institute of Materials Science Nan-
otechnology and National Nanotechnology Research Center (UNAM)
Bilkent University Ankara 06800, Tiirkiye — 2Department of Engi-
neering Fundamental Sciences, Sivas University of Science and Tech-
nology, 58000 Sivas, Turkey

Absorption properties of Ni-based ribbons prepared with a composi-
tion of 75 % Ni, 10 % Cr, 8 % Si, 5 % Fe, 2 % B, and %1 Ce-doped
were investigated in the infrared region. The ribbons were prepared by
melt spinning, and the samples exhibited a nanocrystalline structure
due to rapid solidification. The total absorbing effectiveness of the
Ni-based ribbons reached a maximum of about %93 at 3-5 *m mid-
wave infrared (mid-IR) window when the ribbons were doped with Ce
causing an approximate 5% improvement in the mid-IR absorption.
Overall, the composite films provide over 80% IR absorption at the
wavelengths from 3 *m to 25 *m. Due to the superparamagnetic be-
havior of the Ni-based composite film suggesting a decrease in electrical
conductivity, a high impedance allows such high IR absorption over a
large EM spectrum. This indicates that Ce-doped Ni composite film
can be a good candidate for thermal emitters and infrared imaging,
and for integrating into small-pixel uncooled infrared detectors.

MM 21.8 Wed 17:30 H22
Tracking the emergence and persistence of abnormal grain
growth in the commercial aluminum alloy AA5252 using 3D
X-ray microscopy — eHELMUTH-ANDRE ScHuLz-HARDER!, JULES
M. Dake!, WorLrcane Lubpwic?, Haixinag Fanc2, PIERRE-OLIVIER

AuTraN?, KaroLiNA GurBrobp!, MARKUS ZIEHMER!, MADLEN

Atzen!, Tromas WILHELM®, VoLKER ScHMIDT®, and CarL E.
Kriry 1111 — lnstitute of Functional Nanosystems, Ulm University,
Germany — 2The European Synchrotron (ESRF), Grenoble, France

— SInstitute of Stochastics, Ulm University, Germany

The origin of abnormal grain growth (AGG) remains unclear de-
spite decades of investigation, even though this phenomenon has far-
reaching implications for a wide range of industrial applications. A
significant challenge lies in the scarcity of time-resolved 3D data on
AGG. To address this, we acquired a time series of 3D maps of the com-
mercially available aluminum alloy AA5252 using synchrotron-based
diffraction-contrast tomography (DCT). The reconstructed grain maps
reveal the presence of extreme abnormal grains, the evolution of which
could be observed over time and traced back nearly to the point of
emergence. To further explore the influence of second-phase particles
(known to be present in AA5252) on the growth of abnormal grains,
we conducted complementary phase-contrast tomography (PCT) mea-
surements. The combination of these datasets provides new insight
into the locations where abnormal grains emerge and the mechanism(s)
driving their persistent growth advantage.

MM 21.9 Wed 17:45 H22
Direct Laser Writing of metallic material utilizing the prin-
ciple of sensitized triplet-triplet upconversion — eKRISTIN
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E. J. Kon! and Grorc voN FreEymMaNN'? — 1University of

Kaiserslautern-Landau, 67663 Kaiserslautern — 2Fraunhofer Institute
for Industrial Mathematics ITWM, 67663 Kaiserslautern

Direct Laser Writing (DLW) is a versatile technique for fabrication of
microstructures, which is constantly evolving. Conventional DLW uses
two photon absorption to form polymers from monomers via a photo-
chemical reaction. Current research is leaning towards new materials,
such as different kinds of metal which satisfy different demands on the
physical properties of structures like electric conductivity or ferromag-
netism, as well as the application of different photochemical reactions
to provide more opportunities in the implementation of the printing
process.

In this talk a novel approach to Direct Laser Writing of metallic
materials is presented. For this purpose, photochemical compounds
and principles were investigated via different methods and applied in a
home built setup for Direct Laser Writing. A sensitized triplet-triplet
annihilation upconversion process (sTTA-UC) is used to generate the
energy required for the photochemical reduction of nickel. Since effi-
cient STTA-UC is usually limited to deoxygenated materials, a solvent
is used that has the property of generating a local deoxygenated area
upon excitation by a sensitizer. These three processes are combined
to enable Direct Laser Writing of 2D nickel structures.

MM 21.10 Wed 18:00 H22
Friction coefficient and work function investigation of
transition-metal dichalcogenide — eMALIK AL NAABI, SHUYU
Huanc, ANTOINE HINAUT, ERNST MEYER, and THILO GLATZEL —
University of Basel, Basel, Switzerland

Despite extensive research on the tribological properties of MoS2,the
frictional characteristics and electronic properties of other members
of the transition-metal dichalcogenide (TMD) family have remained
relatively unexplored. To understand the effect of the chalcogen on
the tribological behavior of these materials and gain broader general
insights into the factors controlling friction at the nanoscale, we com-
pared the friction force behavior for a nanoscale single asperity sliding
on MoS2, MoSe2, WS2, and WSe2, in bulk using friction force mi-
croscopy (FFM). Additionally, we used Kelvin probe force microscopy
(KPFM) to investigate the work function. All the materials were
cleaved in the nitrogen glovebox.

MM 21.11 Wed 18:15 H22
Nano-scale precipitations in NiTi-based alloys after laser
powder bed fusion: FIB/STEM and APT analyses — eFARzAD
KuopaBakHSHI', RAPHAEL FrREUNDL?, Eric A. JicLE?, and GER-
HARD WILDE! — !University of Muenster — 2Universitéit der Bun-
deswehr Miinchen

Phase formation and nano-scale precipitation during laser powder
bed fusion (LPBF) of a NiTi/Nb powder mixture were characterized
throughout the matrix of NiTi using advanced microscopy techniques.
The study employed focused ion beam (FIB) preparation combined
with scanning transmission electron microscopy (STEM) and atom
probe tomography (APT). Different nano-scale phases formed through
in situ alloying and their interfacial coherence with the NiTi-based
alloy were examined using atomic-scale high-resolution microscopy.
Subsequent nano-scale elemental mapping and chemical analysis were
performed by APT. The results indicated significant changes in the
contributions of in situ formed phases when altering the fraction of
niobium. Low fractions of Nb can modify the intrinsic structure of
NiTi precipitates. Changing the grain boundary energy helps shift
these precipitates toward the interiors of grains rather than remaining
at the boundaries. Conversely, increasing the niobium fraction towards
the eutectic composition results in the formation of a new structure
comprised of precipitates with a specific ternary composition within
the NiTi alloy matrix due to LPBF deposition.
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MM 22: Materials for the Storage and Conversion of Energy

Time: Wednesday 15:45-16:45

MM 22.1 Wed 15:45 H23
Understanding Stability of Ni-rich NMC cathodes us-
ing beyond DFT many-body calculatations — eHRIsHIT
BanerJEe!234 CLARE GRrEY?%, and ANDREwW MORRIs®4
IUniversity of Dundee — 2University of Cambridge — 3University
of Birmingham — 4The Faraday Institution

High energy density Ni-rich LiNigMn;,Co.O2 (NMC) cathodes undergo
degradation in the form of O loss from the surface of NMC particles. O
loss increases with Ni content and higher voltages. Our first-principles
study examines the redox behavior of transition metals and O in NMC
cathodes as a function of (de)lithiation. Despite Ni, Mn, and Co K-
edges calculated using GW Approximation showing an excellent match
with experimentally obtained XANES, we demonstrate that the ionic
model of ascribing shifts in the XANES to changes in metal oxida-
tion states is inappropriate. In these cases, which are characterised by
strong covalency between the strongly correlated transition metal and
oxygen, Dynamical Mean-Field Theory calculations are essential to
calculate charges and hence assign oxidation states accurately. Due to
a charge transfer from O p to Ni d, a ligand hole forms on O in Ni-rich
regions. The individual Ni charge remains fairly constant throughout
the charging/discharging process. In contrast, O has dual redox be-
havior, showing greater involvement in redox in Ni-rich regions while
showing negligible redox involvement in Ni-poor regions. The dual be-
haviour of O in terms of participation in the redox process explains the
overall higher relative stability of lower Ni content NMCs compared to
Ni-rich NMCs or LiNiOs in terms of O loss.

MM 22.2 Wed 16:00 H23
Splitting Water Without Falling Apart: Accelerating the Un-
derstanding of NiFeV LDH via Design of Experiments and
Machine Learning — eJuaN MANUEL LoMBARDI, CHARLES PARE,
KARSTEN REUTER, and CHRISTOPH SCHEURER — Fritz-Haber-Institut
der MPG, Berlin

The development of sustainable energy technologies requires efficient,
affordable, and durable electrocatalysts. Ni-based layered double hy-
droxides (LDHs) doped with Fe and V are promising candidates for
the oxygen evolution reaction in anion exchange membrane water elec-
trolyzers (AEMWE) due to their tunable structure and exceptional re-
dox properties. However, the mechanisms by which dopants influence
catalytic and structural properties are not fully understood, mainly due
to the challenges posed by their humongous configurational space. In
this study, we efficiently explore the thermally accessible configurations
within the complex configurational space of y-phase Ni LDHs doped
with Fe and V. To maximize information gain, we sample the composi-
tion space using Design of Experiments (DoE), leverage machine learn-
ing interatomic potentials (MLIPs) to sample these configurations, and
refine the results with Density Functional Theory (DFT) calculations
for first-principles quality predictions. By combining these tools, we
develop an optimal protocol to elucidate how the dopants influence
material properties. This integrated methodology reveals pathways
for optimizing NiFeV LDH compositions, enhancing energy conversion
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efficiencies while ensuring long-term stability.

MM 22.3 Wed 16:15 H23
Benchmarking exchange-correlation functionals for accurate
computational predictions of metal organic frameworks —
eJULIA SANTANA ANDREO, JosHUA EbDzaArRDS, HOLGER-DIETRICH
Sassnick, and CATERINA CoccHl — Carl von Ossietzky Universitét
Oldenburg, Institute of Physics

Metal-organic frameworks (MOFs) have attracted significant attention
due to their structural and chemical flexibility which makes them rele-
vant for a wide range of technological applications, from gas storage to
photocatalysis. The substitution of metal nodes and the functionaliza-
tion of organic linkers can significantly expand the range of available
MOFs, enabling the design of tailored properties for specific appli-
cations. While atomistic ab initio simulations can significantly con-
tribute to explore this vast configurational space, it is mandatory to
assess whether and how common approximations of density-functional-
theory calculations affect the description of the structural, electronic,
and vibrational properties of computationally predicted compounds.
With the example of MOF-5 and its recently predicted functional-
ized variants [1] , we find that R2SCAN offers the optimal trade-off
between accuracy and computational costs to describe electronic and
vibrational properties in these materials.

[1] J. Edzards, H.-D. Safinick, J. S. Andreo and C. Cocchi, J. Chem.
Phys. 160, 184706 (2024)

MM 22.4 Wed 16:30 H23
Assessing the Bulk Stability of Oxygen Evolution Reaction
Catalysts using Crystal Field Theory and Orbital Analysis
— oKATARINA KRETSCHMER!, MI1cHAEL EIKerLING!'2, and ToBIas
BINNINGER! — 1Theory and Computation of Energy Materials (IET-
3), Institute of Energy Technologies, Forschungszentrum Jiilich GmbH,
52425 Jiilich, Germany — 2Chair of Theory and Computation of En-
ergy Materials, Faculty of Georesources and Materials Engineering,
RWTH Aachen University, 52072 Aachen, Germany

Proton exchange membrane water electrolysis (PEMWE) is an effec-
tive method for producing green, i.e. carbon-neutral hydrogen. At
the PEMWE anode catalyst, water molecules are split to form oxygen
molecules in the so-called oxygen evolution reaction (OER). Iridium
oxide (IrO2) and ruthenium oxide (RuO2) are recognized as highly
effective catalysts for the OER.

In this talk, I will discuss the electronic properties governing the
bulk stability if IrO2 and RuO2. Utilizing density functional theory
(DFT) calculations, the stability of both oxide materials is assessed
from the perspective of crystal field theory and bond orbital analysis.
The orbital overlap between the metal (iridium or ruthenium) and oxy-
gen atoms in the lattice and the population of the emerging bonding
or antibonding orbitals is analyzed, which can either contribute to or
counteract the stability of the IrO2 and RuO2 lattices. This analysis
will lead to the definition of electronic descriptors for predicting the
bulk stability of transition metal oxide catalysts.
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MM 23: Phase Transformations

Time: Wednesday 17:15-18:30

MM 23.1 Wed 17:15 H23
study on solid/liquid interfacial energy of Al-Cu alloys and
its anisotropy under a static magnetic fields — eCHENGLIN
Huanc!, PerEr GaLENKO?, RAINER Backoren?, Ken ELDER?,
SansaN Suuarl, Jiane Wanc!, and Zaoneming Ren! — 1State Key
Laboratory of Advanced Special Steel, School of Materials Science and
Engineering, Shanghai University, 200444, P. R. C — 2Department of
Physics and Astronomy, Friedrich Schiller University of Jena, 07743,
Germany — 3Institute of Scientific Computing, Technische Univer-
sitat Dresden, 01062 , Germany — %Department of Physics, Oakland
University, Rochester, MI, 48309-4487, USA

In recent decades, external magnetic fields have been widely used in
materials processing to control microstructure and optimize properties.
Key phenomena include magnetic levitation, crystallographic orienta-
tion changes, magnetically induced phase transitions, and TEMHD.
External magnetic fields also impact thermophysical properties such
as phase transition temperatures, resistivity, viscosity, diffusion, and
surface tension. These effects are closely linked to interface changes,
where properties differ from the bulk. Despite their importance, quan-
titative studies on solid/liquid interfaces under magnetic fields remain
limited. Accurately measuring interfacial energy and anisotropy, and
exploring atomic-scale behavior under magnetic fields, are key chal-
lenges. This research systematically investigates the effects of external
magnetic fields on interfacial energy and its anisotropy in Al-Cu alloys,
offering theoretical and practical insights for controlling solidification
under such fields.

MM 23.2 Wed 17:30 H23
From electronic structure to thermodynamic phase diagrams
with automated workflows — eSaraTH MENON!, MARVIN PouLl,
TimaNN Hicken?, Rarr DrauTtz®, and JorRG NEUGEBAUER! —
IMax Planck Institute for Sustainable Materials — 2Bundesanstalt

fiir Materialforschung und -priifung — 3Ruhr University Bochum

Phase diagrams are useful for understanding coexistence lines, phase
stability, and phase transitions under varying thermodynamic condi-
tions. Calculating phase diagrams involves determining the Helmholtz
and Gibbs free energies of different phases and their dependence on
thermodynamic state variables - a task that is both intricate and com-
putationally demanding.

In this work, we introduce automated workflows for the calculation
of Helmholtz and Gibbs free energies, incorporating configurational
entropy, and provide accompanying computational tools. A key com-
ponent of our approach is the alchemical transformation method, where
atomic species are systematically altered along a thermodynamic path
to evaluate free energy changes with composition.

We demonstrate the effectiveness of this methodology using an
Atomic Cluster Expansion (ACE) machine-learning interatomic po-
tential, parametrized using the ASSYST method, to generate unbi-
ased ab initio structure datasets, and compute the phase diagram of
the Au-Cu system. Our workflows are independent of the interatomic
potential and the material system, making them readily transferable
and paving the way for making the computation of thermodynamic
phase diagrams a routine task in the field of atomistic simulations.

MM 23.3 Wed 17:45 H23
Phase formation at an interface between Ni and Sn layers
during a soldering process — eSANDRA GAERTNER, SERGIY V.
Divinski, HARALD ROsSNER, and GEHARD WILDE — Institute of Ma-
terials Physics, University of Minster, Miinster, Germany

Soldering is a method for creating permanent bonds between metal
parts, often resulting in the formation of intermetallic compounds. The
transition to lead-free solder, driven by environmental regulations, has
increased the interest in Sn-based solder alloys. However, the soldering
process for interconnects involves complex processes related to mate-
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rial transport, phase stability, phase formation, and kinetic aspects
of phase transformation. In this study, we investigated the interdif-
fusion and diffusion-controlled phase formation in a SnSb-solder alloy
between a Ni-based layer with a small amount of Si and a Cu substrate,
employing SEM and TEM. Analysis of the untreated states revealed a
lamellar-type structure of the Ni-based layer, characterized by a uni-
form distribution of elements, while the solder alloy exhibited a S-Sn
matrix and a SbSn phase. Following the soldering process, we ob-
served the formation of various intermetallic compounds like CuSnNi
and SnCu, encased within the 8-Sn matrix. The SbSn phase remained
as small inclusions. Moreover, the Ni-based layer initially shrank, re-
sulting in a residual thin film that displayed an increased Si content
compared to its untreated counterpart. This study highlights the intri-
cate mechanisms involved in Cu transport from the substrate through
the solder material. Alongside Sn, Cu drives the transformation of the
Ni-based layer, ultimately leading to its complete consumption.

MM 23.4 Wed 18:00 H23
Temperature-modulated dilatometry as a tool for studying
precipitation kinetics in alloys — eMARCEL SIMHOFER!, PHILIPP
Brunner!, Jienua Li?2, WoLrrcaNc SpPrRENGEL!, and RoLAND
WorscHuM! — !Inst. of Mater. Phys., NAWI Graz, Graz Univ. of
Technol., Graz 8010, Austria — 2Inst. of Casting Res., Montanuniv.

Leoben, Leoben 8700, Austria

Temperature-modulated dilatometry is implemented as a tool for
studying phase equilibration processes in alloys. As a case example,
the phase equilibration between the saturated solid solution Al(Mg)
and intermetallic Al3Mgaz in the Al(Mg) binary alloy is studied. The
varying solubility of Mg in Al upon temperature modulation causes
a modulation of the relative fractions of the two phases, which can
be in-situ monitored by dilatometry owing to their different atomic
volumes. The phase shift between the length change caused by phase
equilibration and the applied sinusoidal temperature variation yields
access to equilibration kinetics. The observed variation of the phase
shift with the modulation frequency is quantitatively analyzed in the
framework of a simple kinetic model, revealing that the equilibration
process is controlled by the diffusion of Mg in Al
M. Simbhofer et al., J.Alloys&Comp. 1010 (2025) 176984

MM 23.5 Wed 18:15 H23
Formation mechanism of bicontinuous structure during peri-
tectic melting of TiAg — eZuonavanc Lit, Lukas Lunrs!, To-
Bias KREKELER?, and JOrRG WEIsSMULLER!"3 — lInstitute of Materi-
als Physics and Technology, Hamburg University of Technology, Ham-
burg, Germany — 2Electron Microscopy Unit, Hamburg University of
Technology, Hamburg, Germany — 3Institute of Hydrogen Technol-
ogy, Helmholtz-Zentrum Hereon, Geesthacht, Germany

Reverse peritectic reactions, and specifically the peritectic melting of
TiAg, have been proposed as dealloying-like processes that produce
quite similar microstructures but avoid the restrictions on sample size
inherent in liquid-metal dealloying (LMD). Here, studies of the mi-
crostructure evolution during peritectic melting of TiAg suggest a for-
mation mechanism that is not LMD-like but rather relies on liquid
film migration. The process starts with wetting of the TiAg grain
boundaries by the alloy melt. Successively, both Ti and Ag continue
to dissolve from one side of, while 5-Ti deposits on the other side and
the liquid film sweeps the pristine TiAg crystal. TiAg-Ti interfaces
with well-defined orientation relationship and with concentration gra-
dients support this picture, as does the phase morphology in partly
decomposed samples. The process generates a bicontinuous structure
with a solid Ti skeleton, interpenetrated by the Ag-rich melt, which is
conserved even after coarsening. This study clarifies the mechanism of
peritectic melting in TiAg, and it may provide a basis for identifying
other alloy systems suitable for producing bicontinuous microstruc-
tures by that process.

MM 24: Members’ Assembly

Welcome to this general meeting of the DPG-SKM division MM! All of you, presenters of MM talks or
posters and other interested participants of this conference, are cordially invited to this meeting. We
will come together in a relaxed atmosphere, supported by drinks and pretzels (at least) for personal
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exchange. The poster prizes will be awarded during the Members Assembly. The current conference
will be discussed and your feedback is very welcome. We will ask for your suggestions for future topical
sessions in MM and symposia as well as for invited speakers. Take this opportunity to share your ideas
regarding our MM program for our next DPG spring meeting.

Time: Wednesday 18:45-20:45

Location: H10

All members of the Metal and Material Physics Division are invited to participate.

MM 25: Invited Talk: D. Rodney

Time: Thursday 9:30-10:00

Invited Talk MM 25.1 Thu 9:30 H10
Transformation-induced plasticity in zirconia ceramics: neu-
ral network simulations and in-situ experiments — eDaviD
RopNEY — Institut Lumiére Matiére, Université de Lyon, France

Brittleness limits the structural use of ceramics, but zirconia stands
out due to transformation-induced plasticity (TRIP) between tetrago-
nal and monoclinic phases. This stress-driven transformation enables
up to 7% plastic deformation in single-crystalline ceria-doped zirconia,
offering potential for high ductility. However, understanding the TRIP
effect remains incomplete.

To address this, we combined in situ Laue micro-diffraction experi-
ments at synchrotron facilities with atomistic simulations. Existing in-
teratomic potentials fail to capture zirconia’s complex polymorphism.

Location: H10

We thus developed neural network interatomic potentials (NNIP) us-
ing DeepMD-kit for pure and ceria-doped zirconia. These NNIPs align
well with ab initio data on thermodynamic, mechanical, and dynami-
cal properties, accurately modeling phase stability, elastic properties,
and energy barriers.

Using the NNIPs, we simulated the uniaxial compression of tetrago-
nal ceramics, exploring stress-strain behavior, phase transformations,
and deformation mechanisms across various compression directions.
Simulations are confronted with the in situ experiments and the phe-
nomenological theory of martensitic transformation. Key factors, in-
cluding size, temperature, strain rate, and pre-existing defects, are
critically analyzed, providing a comprehensive understanding of stress-
induced phase transformations in zirconia ceramics.

MM 26: Topical Session: Thermophysical Properties of Bulk Metallic Glasses and Bulk
Metallic Glass-forming Liquids

Time: Thursday 10:15-11:45

MM 26.1 Thu 10:15 HI10
Influence of sulfur on the amorphous structure, high temper-
ature viscosity and solidification of Zr-based bulk metallic
glass formers — eBaAsTiAN ApAM, OLIVER KRUSE, LucAas MATHIAS
RuscHEL, MaxiMILLIAN FREY, Nico NEUBER, and RALF BuscH —
Chair of Metallic materials (LMW), Saarbriicken, Germany

The usage of the element sulfur in Bulk Metallic Glass (BMG) syn-
thesis was recently introduced by Kuball et al. and lead to increased
research interest into these new family of BMG [1|. Here we report
on the influence of sulfur on the A2B type intermetallic composi-
tion (Zr50Ti16.6Ni18.3Cul5) that was characterized by container-less
electromagnetic melting under microgravity within the 43rd & 44th
TEMPUS parabolic flight campaigns by the German aerospace center
(DLR). The investigation is accompanied by structural investigations
of the amorphous solid and liquid that were conducted with the help
of an electrostatic levitation device to observe the structure and solid-
ification in an in-situ wide-angle scattering diffraction experiment at
the German electron synchrotron (DESY) in Hamburg.

[1]JA. Kuball, O. Gross, B. Bochtler, and R. Busch, Sulfur-bearing
metallic glasses: A new family of bulk glass-forming alloys, Scr.
Mater., 2018.

MM 26.2 Thu 10:30 HI10

Structure and dynamics of Ni-Nb alloy melts upon sul-
fur addition — NicorLar Grunp!, Dirk HorraND-MoRriTz!, SABA

KHADEMOREZAIANZ2, Lucas P. Krreuzer!3, Nico NeuBer?, Lu-
cas M. RuscuiL?, HENDRIK VoigT?, JoHANNA WILDEN!, eFAN
Yana!, SErary Drvinski?, RaLr Buscu?, ANDREAs MEYER!, and

GERHARD WILDE?2 — llnstitut fiir Materialphysik im Weltraum,
Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Koln, Germany
— 2Institute of Materials Physics, University of Miinster, Miinster,
Germany — 3Heinz Maier-Leibnitz-Zentrum, Technische Universitét
Miinchen, Garching, Germany — *Chair of Metallic Materials, Saar-
land University, Saarbriicken, Germany

We investigated the change in the structure and dynamics of a Ni-Nb
bulk metallic glass upon sulfur addition on microscopic and macro-
scopic scales. With the sulfur concentration of 3 at.%, where the
composition NizgNb3gSs exhibits the best glass forming ability in the
investigated sulfur concentration range, both the equilibrium and un-
dercooled melt dynamics remain almost unchanged. Only in the glassy
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state sulfur seems to result in less decoupled mass transport to the
viscosity of the undercooled liquid, where the Ag tracer diffusion co-
efficient is slower in the ternary alloy. With the structural disorder
introduced by alloying sulfur, the improved glass forming ability is at-
tributed to geometrical frustration, where crystal nucleation requires
a depletion of sulfur and hence long range diffusion, as long as no
primary sulfur-containing crystalline phase is involved.

MM 26.3 Thu 10:45 HI10
Probing Medium-Range Order in Metallic Glasses with 4D-
STEM — eBirTE RiecHERs! and RoBerT Maass!:?:3 — lFederal
Institute of Materials Research and Testing (BAM), Germany —
2University of Illinois at Urbana-Champaign, USA — 3Technical Uni-
versity of Munich, Germany

Medium-range order (MRO) in metallic glasses (MGs) plays a cru-
cial role for their applicability, as it significantly affects their me-
chanical properties. Important details of the MRO were revealed by
micro-second long atomistic simulations, that have shed light on the
temperature- and time-dependent evolution of MRO, especially in con-
nection to the emergence of a network of specific structural motifs
(JALCOM 821, 153209, 2020; Acta Mater. 267, 119730, 2024).

While these insights help to understand the effect of MRO evolu-
tion, the experimental validation remains challenging. To test these
findings, we employ 4-dimensional scanning transmission electron mi-
croscopy (4D-STEM) (Ultramicroscopy 232, 113405, 2022) to analyze
both the first and second diffraction shells of MGs. By examining the
diffraction symmetries at these length scales, we aim to uncover the
dominant structural features associated with MRO.

MM 26.4 Thu 11:00 H10
Structural evolution during annealing in a Zr-Cu-Al bulk
metallic glass by X-ray absorption spectroscopy — eANDREA
FanTiN, REZA RaAsHIDI, BIRTE RIECHERS, and ROBERT MaAss —
Bundesanstalt fuer Materialforschung und -pruefung, Unter den Eichen
87, 12205 Berlin, Germany

Understanding structural evolution in the time-temperature-
transformation diagrams of bulk metallic glasses (BMGs) is crucial
to tackle common challenges in glass science such as embrittlement
and mechanical failure. Preliminary extended X-ray absorption spec-
troscopy fine structure (EXAFS) measurements carried out at the Zr
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and Cu K-edges on a typical Zr-Cu-Al system allowed following the
evolution of element-specific bond lengths, static and dynamic disor-
der, and nearest-neighbor numbers as a function of temperature and
time. Data on the as-cast BMG, on further annealed BMG at two
different temperatures (0.9Tg and 1.02Tg) and at different holding
times was collected (ex-situ) at the BM-08 beamline, ESRF, finally
showing two different behaviors depending on the temperature used,
which will be described in terms of EXAFS fitting parameters during
the presentation.

MM 26.5 Thu 11:15 HI0

Thermodynamic, kinetic and structural study of
Pt42.5CuxNi36.5-xP21 alloy variations oZivu Line!,
MaryaM RaniMI CHEGENI!, Nico NEUBER!, SERGEY KASATIKOVZ,
AMIRHOSSEIN GHAVIMI', ANDREA FANTINS, IsABELLA GALLINO?, and
RaLF Busca! — !Lehrstuhl fiir Metallische Werkstoffe, Universitét
des Saarlandes — 2Helmholtz-Zentrum Berlin fiir Materialien und
Energie Elektrochemische Energiespeicherung — 3Bundesanstalt fiir
Materialforschung und -priifung, Berlin — *Lehrstuhl fiir Metallische
Werkstoffe, TU Berlin

The thermodynamic and kinetic properties of Pt42.5CuxNi36.5-xP21
glass-forming liquids are studied via differential scanning calorimetry
and Flash DSC (Mettler Toledo). The kinetic fragilities of the alloys
are determined from relaxation times measured in a broad heating
rates range using a Tg shift method and the relaxation time of the
deeply undercooled liquids determined via a step-response method.
Furthermore, the specific capacity heat (Cp) as a function of temper-
ature for the glassy, liquid and crystalline state of the chosen alloys
are determined. The thermodynamic fragility is assessed from the 'Cp
jump’ at Tg and the driving force for crystallization is calculated using
fitting parameters of thermodynamic functions derived from Cp data.
Then the glass forming ability of the alloy liquids is evaluated based on

their critical cooling rates and TTT-diagrams. The interfacial energy
is obtained by JMAK fitting with TTT-diagrams. Moreover, the alloy
ribbons were investigated by synchrotron X-ray scattering experiments
at DESY for structural study and by XPS and NEXAFS at BESSY
for energy state information of each elements.

MM 26.6 Thu 11:30 HI10
Temperature dependence of cooperativ fluctuations in su-
percooled glass-forming metallic melts — eJURGEN ScHAWE!,
Min Kyune Kwak?, Minar Stoical, Eun Soo Park?, and JORG
LorrLER! — 'ETH Ziirich, Laboratory of Metal Physics and Technol-
ogy, Zurich, Switzerland — 2Seoul National University, Department of

Materials Science and Engineering, Seoul, Republic of Korea

The behavior of a supercooled glass-forming metal alloy depends on the
cooperative atomic fluctuations caused by the dynamic heterogeneities
in the melt. These spatial and temporal heterogeneities form dynamic
clusters, which are regions of cooperative rearrangement (CRR). The
time and temperature dependence of the CRR characterizes the a-
relaxation. In this study, the correlation length &, characteristic of the
CRR, is derived for Pt57.4Cul4.7Ni5.3P22.6 and Pd43Cu27Nil0P20
bulk metallic glasses by fast differential scanning calorimetry in a tem-
perature range between the glass transition temperature Tg and Tg +
50K. It appears that while the composition of the alloy influences the
macroscopic a-relaxation and vitrification kinetics, typically defined by
Tg, as well as the limiting temperature of the Vogel-Fulcher-Tammann-
Hesse equation and the fragility index, it has no significant influence on
the correlation length of the cooperative atomic motions. In agreement
with many other materials, £ at Tg is about 3 nm for both metallic
glasses. The temperature dependence of £ correlates with the appar-
ent activation energy of the a-relaxation and is the reason for their
non-Arrhenius behavior.

MM 27: Transport in Materials: Diffusion, Charge or Heat Conduction

Machine Learning, Quantum Theory
Time: Thursday 10:15-13:00

MM 27.1 Thu 10:15 H22
Modelling Heat Transport in Metal-Organic Frameworks
with Machine Learned Potentials — eMarTiIN KroTz!, FLo-
RIAN LINDNER!, SANDRO WiESER2, and EGBERT ZoJER! — lInstitute
of Solid State Physics, Graz University of Technology, Austria —

2Institute of Materials Chemistry, TU Wien, Austria

Many of the envisioned applications of porous metal-organic frame-
works (MOFs), like gas storage or catalysis, involve exothermal pro-
cesses. This requires the materials to efficiently dissipate heat. It is,
thus, vital to gain a fundamental understanding of how structural and
chemical modifications impact heat-transport in such systems. Here,
we chose MOF-74/Zn as parent system for which we calculated the
anisotropic thermal conductivity using approach to equilibrium molec-
ular dynamics simulations. For these, we applied machine-learned force
field potentials, as they surpass DFT simulations by orders of magni-
tudes in terms of speed and classically parametrized force field poten-
tials in terms of accuracy. Subsequent to thoroughly benchmarking and
testing the employed methodology, we studied structure-to-property
relationships for MOF-74 derivatives, systematically varying the node
metal and the linker structure.

MM 27.2 Thu 10:30 H22
Predicting 2D conventional superconductors — THaLis H. B.
pa Sival, TaEo CavieNnac?, Tiaco F. T. CERQUEIRA!, eHAI-CHEN
Wana?, and Micuer A. L. Marques? — 1CFisUC, Department of
Physics, University of Coimbra, Rua Larga, 3004-516 Coimbra, Portu-
gal — 2Universitétsstr. 150

We perform a large-scale search for two-dimensional (2D) supercon-
ductors by using electron-phonon calculations with density-functional
perturbation theory combined with machine learning models. In total,
we screened over 140k 2D compounds from the Alexandria database.
Our high-throughput approach revealed a multitude of 2D supercon-
ductors with diverse chemistries and crystal structures. Moreover, we
find that 2D materials generally exhibit stronger electron-phonon cou-
pling than their 3D counterparts, although their average phonon fre-
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quencies are lower, leading to an overall lower transition temperature
(T¢). Despite this, we discovered several out-of-distribution materials
with relatively high T.. In total, 105 2D systems were found with T,
> 5 K. Some interesting compounds, such as CuHz, NbN, and VaNSa,
demonstrate high T, values and good thermodynamic stability, mak-
ing them strong candidates for experimental synthesis and practical
applications. Our findings highlight the critical role of computational
databases and machine learning in accelerating the discovery of novel
superconductors.

MM 27.3 Thu 10:45 H22
Modelling complex proton transport phenomena - Explor-
ing the limits of fine-tuning and transferability of founda-
tional machine-learned force fields — eCHRISTIAN DRESSLER!,
MaLTE GRUNERTZ, JoNas HANsEroTH!, Max GRoOssMANNZ, and
Erici Runce? — !TU Ilmenau, Institute of Physics, Theoretical
Solid State Physics — 2TU Ilmenau, Institute of Physics, Group of

Theoretical Physics 1

The solid acids CsH2POy4 and Cs7(H4PO4)(H2PO4)s pose significant
challenges for the simulation of proton transport phenomena. In this
talk, we present the use of the recently developed machine-learned force
field MACE to model proton dynamics on nanosecond timescales for
these systems and compare its performance with long-term ab initio
molecular dynamics (AIMD) simulations. The MACE-MP-0 founda-
tion model shows remarkable performance for all observables derived
from molecular dynamics simulations, but minor quantitative discrep-
ancies remain compared to the AIMD reference data. However, we
show that minimal fine-tuning - fitting to as little as 1ps of AIMD
data - leads to full quantitative agreement between the radial distri-
bution and autocorrelation functions of MACE force field and AIMD
simulations. Long-time AIMD simulations are unable to capture the
correct qualitative trends in diffusion coefficients due to their inherent
time scale limitations. In contrast, we demonstrate that accurate and
convergent diffusion coefficients, consistent with experimental data,
can only be reliably achieved through multi-nanosecond molecular dy-
namics simulations utilizing machine-learned force fields.
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MM 274 Thu 11:00 H22
Understanding thermal transport in organic semiconductors
using machine learned force fields — eFLoORIAN UNTERKOFLER!,
Lukas REeicaT!, Lukas LEGENSTEIN!, SANDRO WIESER?, MICHELE
SimonceLL®, and EGBERT ZoJerR! — !Graz University of Technol-
ogy, Austria — 2TU Wien, Austria — 3Columbia University, New
York (USA)

Organic semiconductors (OSCs) are key materials for optoelectronic
devices such as solar cells and organic light-emitting diodes (OLEDs).
While the properties related to charge transport of OSCs are rela-
tively well understood, we still lack an understanding of the funda-
mentals of the heat transport in those materials. To study the atom-
istic origins of heat transport, we developed a strategy for calculat-
ing the thermal conductivity of complex organic crystals employing
non-equilibrium molecular dynamics (NEMD) simulations with highly
accurate, system-specific, machine-learned Moment Tensor Potentials
(MTPs). These MTPs are trained on ab initio data obtained from
on-the-fly active-learning molecular dynamics simulations.[1]

We then simulated the thermal transport in pentacene with NEMD
to analyze the heat conduction in real space at an atomistic level and
to identify heat-transport bottlenecks. Alternatively, we also use the
MTPs to accurately calculate thermal conductivities arising from the
particle-like propagation and the wave-like tunneling of phonons in re-
ciprocal space. Both approaches are consistent and agree with available
experiments.

[1] npj Comput Mater 10, 18 (2024)

MM 27.5 Thu 11:15 H22
Influence of Defects and Layer Twisting on Phonon Dynam-
ics in Bilayer Graphene and MoS2 Using Machine Learned-
Force Field Calculations — eSasuni Baparov!? and HARALD
OBERHOFER!2 — Department of Physics, University of Bayreuth —
?Bavarian Center for Battery Technology, Bayreuth, Germany

In crystalline materials, thermal, mechanical and even electronic prop-
erties are often described in terms phonon spectra and dynamics.
These, can, to a large degree be influenced by even minute structural
changes, such as through defects or by altering the relative alignment
of a material’s layers. By means of a state-of-the-art machine learning-
augmented force field approach, we carry out extensive phonon calcu-
lations to understand how the defect density and layer configurations
influence the phonon spectra in bilayer graphene and MoSz. Our re-
sults highlight an interplay of phononic phenomena with the materials’
Moiré patterns with major consequences on the transport properties
of these materials. Moreover, we explore the possibility of phonon-
mediated superconductivity through the electron-phonon coupling in
topologically nontrivial phonon states. While this is still ongoing re-
search, our results so far not only further the understanding of phonon
dynamics in 2D materials, but also offer a solid foundation for future
investigations into harnessing topological phonons for advanced elec-
tronic and thermal control technologies.

15 min. break

MM 27.6 Thu 11:45 H22
Thermoelectric quantum transport simulations via the time-
linear nonequilibrium Green’s function method — eRiIkU
TuovINEN! and YARosLAv PavLyukh? IDepartment of Physics,
University of Jyviskyld, Finland — 2Institute of Theoretical Physics,
Wroclaw University of Science and Technology, Poland

Thermoelectric transport focuses on understanding charge and heat
flow in quantum systems. While measuring electron current is rel-
atively straightforward, nanoscale heat flux remains challenging to
quantify [1]. Heat and charge exhibit fundamental differences, as
highlighted by electron transport analysis within the nonequilibrium
Green’s function theory [2]. In the time-linear formulation, based on
the generalized Kadanoff-Baym ansatz (GKBA), open system dynam-
ics are described using an embedding correlator, enabling the calcu-
lation of time-dependent currents via the Meir-Wingreen formula [3].
However, calculating heat currents presents challenges, particularly
within the wide-band limit approximation (WBLA), which can result
in divergent energy integrals. Besides the mathematical issues, the
WBLA'’s reliability depends on the physical properties of the leads.
To address these limitations, we present thermoelectric quantum trans-
port simulations using the time-linear GKBA method without relying
on the WBLA [4].

[1] J. P. Pekola and B. Karimi, Rev. Mod. Phys. 93, 041001 (2021).
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[2] M. Ridley et al., J. Phys. A: Math. Theor. 55, 273001 (2022).
[3] R. Tuovinen et al., Phys. Rev. Lett. 130, 246301 (2023).
[4] R. Tuovinen and Y. Pavlyukh, in preparation (2024).

MM 27.7 Thu 12:00 H22

Sublinear in temperature transport in kagome metals: in-
terplay of Dirac cones and Van Hove singularities —
eNikoral PrsncHeEreENko!, Ning Mao!, Craupia FEeLser!, and

Yang ZHanc?3 — 1Max Planck Institute for Chemical Physics of
Solids, 01187, Dresden, Germany — 2Department of Physics and As-
tronomy, University of Tennessee, Knoxville, TN 37996, USA — 3Min
H. Kao Department of Electrical Engineering and Computer Science,
University of Tennessee, Knoxville, Tennessee 37996, USA

Kagome metals are known to host Dirac fermions and saddle point
Van Hove singularities near Fermi level. With the minimal two-pocket
model (Dirac cone + Van Hove singularity), we propose a semiclassi-
cal theory to explain the experimentally observed sublinear resistivity
in NizIn and other Kagome metals. We derive the full semiclassi-
cal description of kinetic phenomena using Boltzmann equation, and
demonstrate that internode electron-electron interaction leads to sub-
linear in T scaling for both electrical and thermal transport at low
temperatures. At higher temperatures above the Dirac node chemical
potential, thermal and electric currents dissipate through distinct scat-
tering channels, making a ground for Wiedemann-Franz law violation.

MM 27.8 Thu 12:15 H22
Phonon induced heat transfer between gold nanogap elec-
trodes — eYukl HanamMURA, Kazuma KisHimoTo, Mizuki TADA,
Ryo Yamapa, and Hirokazu Tapa — Graduate School of Engineer-
ing Science, Osaka University, Japan

Recent studies have observed anomalous increases in thermal conduc-
tance in nanogaps narrower than a few nanometers [1]. Theoretical
models attribute this phenomenon to electron tunneling effects and
propagation of lattice vibrations due to mechanical interactions be-
tween the electrodes, i.e., phonon transport [2]. Experimental difficul-
ties in the nanoscale have prevented us from sufficiently understanding
the heat transfer mechanisms.

We have developed a device to measure both thermal and electri-
cal conductance across nanogap electrodes. The device comprises a
suspended structure with Micro Electro Mechanical System (MEMS)
based actuators to tune the gap distance. We observed increased ther-
mal conductances in sufficiently separated nanogaps, even in the ab-
sence of electron tunneling, suggesting phonon transport as the domi-
nant mechanism [3]. We will show the effects of electrode gap distance
and temperature on heat transfer across the nanogap.

[1] M. Pascale et al., Appl. Phys. Lett. 122, 100501 (2023).

[2] T. Tokunaga et al., Phys. Rev. B 104, 125404 (2021).

[3] Y. Hanamura et al., Nanoscale, in press.

MM 27.9 Thu 12:30 H22
Hydrodynamics of Lorentz symmetric systems:
tum Monte Carlo study — eADRIEN REINGRUBER!,
PONGSANGANGANZ, FAKHER AssaaDp!, and MaksiM ULYBYSHEV
LUniversitdt Wiirzburg, Wiirzburg, Germany — 2Mahidol University,

Bangkok, Thailand

We present a study on the hydrodynamic behavior of charge current in
a Lorentz symmetric sys- tem: graphene at charge-neutrality. The mo-
mentum flow is completely decoupled from the charge current in this
regime, since the electrons and holes propagate in opposite directions
with exactly equal distribution functions. Instead of Navier-Stokes
equations for the velocity field, we derive sim- ilar equations directly
for the charge current. This eliminates the need for any coupling be-
tween the velocity field and charge current to explain the experimen-
tally observed hydrodynamic flow profiles in graphene at half-filling. In
this framework, the current diffusion coefficient replaces viscosity. To
support this, we performed an extensive quantum Monte Carlo study,
directly simulating samples with disordered edges using the underlying
microscopic interacting quantum Hamiltonian. For the first time, we
observe hydrodynamic behavior of the charge current in such simula-
tions, extract- ing current profiles and a current diffusion coefficient
whose temperature dependence qualitatively agrees with predictions
from Boltzmann transport theory.

a quan-

KiTinan
1

MM 27.10 Thu 12:45 H22
Transport coefficients of Weyl semimetals: the contribution
of plasmons — eKITINAN PoNGSANGANGAN — Mahidol University,
Bangkok, Thailand
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This work investigates the contribution of plasmon, a collective mode
arising from the dynamical screening of the long-range coulomb inter-
action, to thermo-electric responses as well as shear viscosity of Weyl
semimetals using Boltzmann-equation approach. We find that plas-

mons make a noticeable contribution to the thermal conductivity and
shear viscosity in an appropriate temperature window. We propose
that this effect could be potentially observed in, for example, TaAs
and NbAs.

MM 28: Mechanical properties

Strengthening Mechanisms

Time: Thursday 10:15-11:30

MM 28.1 Thu 10:15 H23
Parameterising edge dislocation trajectories in Ni-based su-
peralloys with uncertainty quantification — e GERALDINE ANIs,
Tuomas Hubpson, and PETER BROMMER — University of Warwick,
Coventry, United Kingdom

The extraordinary strength exhibited by Ni-based superalloys at high
temperatures is attributed to the presence of nanoscale precipitates in
their microstructure, which hinder dislocation motion. In our work,
we study edge dislocation-precipitate interactions using Molecular Dy-
namics (MD) simulations with classical effective potentials. The mo-
tion of a pair of edge dislocations moving under shear between pure
Face-Centred Cubic (FCC) Ni into Ni3Al with an L12 structure is
simulated using MD, where Ni is used to represent an idealised ~ solid
solution phase and Ni3Al for the 4/ precipitate phase. The obtained
trajectories are parameterised and Differential Evolution Monte Carlo
(DE-MC) is used to determine parameter distributions. These distri-
butions are then used to quantify the uncertainty in the model out-
puts, namely the dislocations’ positions and velocities. The present
approach yields physically meaningful parameters and accordingly, of-
fers a means of extracting quantitative information from the atomistic
scale that can be used to inform larger length scale simulations of
dislocations. Using DE-MC as a sampling approach also means that
parameter uncertainties can be propagated through a hierarchy of mul-
tiscale models. We illustrate how such uncertainty propagation can be
achieved by considering a dislocation mobility law with quantified un-
certainties.

MM 28.2 Thu 10:30 H23
Atomistic Modelling of Solid Solution Strengthening in the
Mg-Al-Ca System — eERIK BiTzeEk and MARrRvIN Pour — MPI
SusMat, Diisseldorf, Germany

Solid solution strengthening is one of the most important strengthen-
ing mechanisms for engineering alloys. It is caused by solutes impeding
the glide of dislocations and is therefore best studied using atomistic
simulations. While the interaction strength of individual solute atoms
with dislocations in Mg has been well-studied with density functional
density (DFT) calculations, the combined impact of multiple solute
species on dislocation glide has not been extensively investigated. Fur-
thermore, the prediction of the critical resolved shear stress requires
additionally a statistical treatment and a continuum elastic model for
the dislocation line.

Here we present atomistic simulations of basal dislocations gliding
in Mg with different concentrations of Al, Ca, and mixtures of Al and
Ca. These large-scale simulations were enabled by a newly-developed
machine learning interatomic potential that allows for near-DFT ac-
curacy. Using MD/MC simulations of different heat treatments, we
show that Al-Ca clusters can form, which influence the solid solution
strengthening by reducing the concentrations of individual solutes and
through an antagonistic effect of Al and Ca on the stress field of these
clusters.

MM 28.3 Thu 10:45 H23
Normal stress effect on the slip system of Mg alloys with
long-period stacking ordered structures — eNaoki UEMURA!
and RyosukE MarsumoTo? — !Nagamori Institute of Actuators, Ky-
oto University of Advanced Science, Kyoto, Japan — 2Department of
Mechanical and Electrical Systems Engineering, Faculty of Engineer-
ing, Kyoto University of Advanced Science, Kyoto, Japan

Mg alloys with long-period stacking, which have a unique structure
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with synchronized concentration modulation and structural modula-
tion are attracting attention for their high strength. Various stud-
ies are currently being conducted to understand their high mechanical
properties and plastic deformation behaviors. We investigated the ten-
sile and compressive dependence of the stacking fault energy (SFE) by
using first-principles calculations for the Mg-Y-Zn system, which is a
typical LPSO-Mg alloy. As with hcp-Mg, the change in SFE due to
tensile and compressive loading was greater on the basal plane than on
the prismatic plane. This work was supported by JST, CREST Grant
Number JPMJCR2094, Japan.

MM 28.4 Thu 11:00 H23
Understanding crystal defects mechanisms with atomistic
simulations and knowledge engineering — eABRIL AzOCAR
GuzMmaNn, Guosing Huang, and STEFAN SANDFELD — Institute for
Advanced Simulations, Materials Data Science and Informatics (IAS-
9), Forschungszentrum Jiilich GmbH, Aachen, Germany

Crystallographic defects play a key role for determining the physical
properties of materials. Computational methods, such as density func-
tional theory and molecular dynamics, have been widely used to inves-
tigate these defects and their mechanisms at the atomic scale. How-
ever, the application of these methods require increasingly complex
workflows. To enable workflow and data reusability, as well as mean-
ingful interpretation, it is crucial to ensure well-described (meta)data
at each step of the workflow, from atomic structure to computed ma-
terial properties. Our aim is to facilitate data-driven approaches in
materials science by establishing semantic standards for representing
material structures, including defects, simulation workflows, and calcu-
lated properties. Using this framework, datasets of crystal defects sim-
ulations can be generated in the form of a materials knowledge graph.
We showcase the application for the study of hydrogen segregation at
grain boundaries in iron and nickel, quantifying the influence of the
local atomic environment on the energetics of the system. The result-
ing knowledge graph incorporates structure-property relationships and
serves as a tool to understand defect mechanisms at the atomic scale.
Additionally, it provides a robust data foundation for exploring the
potential of emerging methods in the field of knowledge engineering.

MM 28.5 Thu 11:15 H23
Effect of Cold Work on the Microstructure and Proper-
ties of Hierarchical Nanoporous Metals — eWEICHE CHANG!
and SuaN Sui>! — lInstitute of Hydrogen Technology, Helmholtz-
Zentrum Hereon, Geesthacht, Germany — 2Research Group of Inte-
grated Metallic Nanomaterials Systems, Hamburg University of Tech-
nology, Hamburg, Germany,

Nanoporous metals with bicontinuous porous network, high specific
surface area, and low density have shown promising applications as
light-weight structural materials and high-performance functional ma-
terials in actuators, sensors, and various energy devices. Recently,
monolithic hierarchical nanoporous gold (HNPG) has been tailor-made
via a two-step dealloying method and has shown improved mechanical
properties and much lower density than non-hierarchical nanoporous
gold. The effects of ligament size and structural hierarchy on the
strength of HNPG have also been well studied via macro- or micro-
compression approaches. In this work, we further explore the role of
cold working treatments before and after second step dealloying on the
mechanical properties of HNPG using micropillar compression tests.
Furthermore, HNPG with a controllable degree of anisotropy and a
much wider range of solid fractions are obtained.
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MM 29: Liquid and Amorphous Materials

Time: Thursday 12:00-12:45

MM 29.1 Thu 12:00 HI10
Molecular Feuds and Fragment Tales: Exploring
Cyanobiphenyl Liquid Crystals with Cryo Atom Probe To-
mography — eKuaNn MEeNG, KANG’AN WANG, SEBASTIAN EICH,
and Guipo ScHMITZ — Stuttgart University,Institute for Materials
Science, Heisenbergstr. 3, 70569, Stuttgart, Germany

Liquid crystals exhibit the fascinating duality of liquid-like fluidity and
solid-like long-range order, requiring nanoscale characterization tech-
niques with high spatial resolution and chemical sensitivity. Atom
probe tomography (APT) uniquely meets these requirements, offer-
ing unprecedented insights into the behavior of anisotropic organic
molecules. This talk bridges liquid crystal science and APT by explor-
ing cyanobiphenyl systems (5CB, 8CB, and 80CB).

We investigated the field evaporation behaviors of these molecules,
observing remarkable stability under high electric fields. Molecular sig-
nals dominated (90% for 5CB and 8CB, 70% for 80CB), with fragmen-
tation patterns influenced by oxygen atoms. The fragments were clas-
sified as alkyl chains, single phenyl derivatives, cyanobiphenyl residues,
and cyano-hydrogen substitution pairs. Spatially, both molecular and
fragment signals correlate strongly with laser orientation: fragmenta-
tion decreases from illuminated to shadowed regions, reflecting cleav-
age behavior under thermal gradient-induced field variations. Addi-
tionally, APT revealed the uniform mixing of 5CB and 8CB across
various ratios, as well as the lattice plane of the crystal structure of
pure 8CB. In the crystalline regions, we will discuss how the molecules
field evaporate at specific angles relative to their intrinsic orientations.

MM 29.2 Thu 12:15 HI10
Peptide Analysis at Atomic Resolution with Atom Probe
Tomography — eSaksHI SINHA and Guipo ScHMITzZ — Depart-
ment of Materials Physics, Institute of Material Science, University of
Stuttgart, Heisenbergstr. 3, 70569 Stuttgart

Atom Probe Tomography (APT) promise decisive advancements in
nanoscale characterization of biomolecules, since it offers in principle
single atom sensitivity in the study of organic molecular structures. In
our experiments, we test the analysis of carnosine (S-alanylhistidine),

Location: H10

in aqueous solution since water provides a natural biological environ-
ment. The investigated dipeptide is for example essential for brain and
muscle function. By combining cryogenic sample preparation with ad-
vanced laser-pulsing techniques, APT enables three-dimensional map-
ping of carnosine’s atomic composition and the distribution of various
molecule fragments in the water matrix. Remarkably, the concentra-
tion of the solution controls the detected fragmentation behavior in
the full range from single atoms to the full peptide molecule. So, the
measurement conditions can be optimized to preferentially address the
questions regarding the local stoichiometry or the different subunits of
the molecule.

MM 29.3 Thu 12:30 HI10
Fe self-diffusion in Fe-Al-Si melts - A combined ab initio
molecular dynamics and experimental study — eKATHARINA
DammMmeR!, FAN Yanc!, ELKE SoNDERMANN!, FLORIAN KARGL!, AN-
DREAS MEYER!'2, and NoeL Jakse? — lInstitut fiir Materialphysik
im Weltraum, Deutsches Zentrum fiir Luft- und Raumfahrt (DLR),
51170 Kéln, Germany — 2Institut Laue-Langevin (ILL), 38042 Greno-
ble, France — 3Universit¢é Grenoble Alpes, CNRS, Grenoble INP,
SIMaP, 38000 Grenoble, France

Understanding the structural, dynamic and thermophysical properties
of binary and ternary Al-Fe-Si alloys in the liquid and supercooled state
before solidification is crucial to ensure the desired microstructure and
therefore ideal product properties. With an increasing iron content
in the alloy, the liquidus temperature increases and exceeds 1000°C
for most ternary Al-Si-Fe alloys. At these high temperatures, exper-
iments are more delicate to perform, making it challenging to obtain
information on transport coefficients and (partial) structure factors.

We present a combined first principle-based molecular dynamics
(AIMD) simulations and experimental study of Al-Fe melts. Measure-
ments were performed using quasi elastic neutron scatting (QENS) to
obtain the self-diffusion coefficients of Fe at different Al-Fe composi-
tions as a function of temperature. We intend to achieve in the future
an improved simulation scheme using machine learning that realisti-
cally covers a larger range of the phase diagram, which cannot be easily
assessed with experiments.

MM 30: Functional Materials: Performance, Reliability and Degradation; and Complex
Materials (joint session MM /KFM)

Time: Thursday 11:45-13:00

MM 30.1 Thu 11:45 H23
Untersuchungen des Bruchverhaltens im Bereich der Ultra-
Langzeitfestigkeit von Federstihlen — eJOrG (GOLLNICK —
THM, FB ME, Wiesenstr. 14, 35390 Gieften

In einer hochfrequenten resonanten Anwendung als Spiegel fiir Lasers-
canner werden Federstahle des Typs Ck101 im Grenzbereich belastet.
Im Rahmen eines Forschungsvorhabens wurden die spezifischen M&g-
lichkeiten untersucht, die Lebensdauer dieser Bauteile zu steigern. Bis-
lang wurden nur unzureichende Lebensdauern erreicht.

Bemerkenswert war die Auspriagung des Versagensverhaltens, dass
in Zusammenhang mit der Fertigungstechnologie einem Sprodbruch
unter Mode III nach den bruchmechanischen Ansitzen gemaft Griffith
entspricht. Aus der Erklarung der Schadigungen wurden weitere Mog-
lichkeiten untersucht, die Lebensdauer nicht nur zu steigern sondern
weiterhin die nach Paris-Erdogan zu erwartende Dauerfestigkeit genau
zu bestimmen.

Mit hohen Frequenzen im Bereich bis zu 10000kHz werden Bauteile
bis zu 10 Milliarden Schwingungen im Grenzbereich betrieben. Eine
mehrstufige Auswertung nach dem Treppenstufenverfahren zeigt, dass
eine Auswertung in diesem Segment nicht nur méglich ist, sondern als
geeignete Strategie angesehen werden darf, die Erkenntnisse der Ultra-
Langzeitfestigkeit diesbeziiglich zu erweitern.

Weitergehende Versuche werden vorgestellt.

Falls gewiinscht kann der Vortrag und Beitrag gerne auch auf eng-
lisch abgefasst werden.

MM 30.2 Thu 12:00 H23

44

Location: H23

Searching for ferroelectric porous metal organic frame-
works using machine-learning and Monte-Carlo-simulations
eTuoMmas BERGLER'2, HARALD OBERHOFER!:?2, and DIRk
VOLKMER?® — 1University of Bayreuth, Germany — 2Bavarian Center
for Battery Technologies — 2University of Augsburg, Germany

Metal organic frameworks (MOFs) have so far found a number of suc-
cessful applications, among them as storage for gasses and filter for gas
mixtures. So far these mostly incorporated them as passive materials,
but recent research points the way towards a more active role, possibly
through the external manipulation of the materials’ internal proper-
ties. One recent example for such a property is the susceptibility of
the lattice parameters of a number of MOFs towards electric fields.
Inspired by this, the aim of our project is to further investigate this
behavior and potentially design ferroelectric MOFs. Using a hierar-
chy of Monte-Carlo-simulations aided by Machine-Learning (ML) we
sample the design space MOFs augmented by rotatable polar groups.
In succession, we first sample a huge space of rotors in a simplified
point-dipole model. A selection of thus uncovered MOF geometries
is then investigated with a specially parameterized atomistic model to
confirm earlier predictions. Using this data, an ML model is trained to
predict the dielectric properties of such polar rotor-augmented MOFs.
The best candidates extracted with this procedure are finally evalu-
ated with density functional theory. MOF geometries surviving this
funnel-like approach can finally be checked experimentally for a variety
of applications, ranging from data-storage to gas nano-funnelling.

MM 30.3 Thu 12:15 H23
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Atomic Scale Insights into A-site Deficient Perovskite
Catalysts:Lag.7Feg.7Mng.303 — eRonam TaLE! JEID — Institute
for Material Physics, University of Stuttgart, Deutschland

This study investigates the atomic-scale properties of the A-site-
deficient perovskite catalyst Lag.7Feq.7Mng.303 (La07TFM), emphasiz-
ing the role of iron oxide (FeO) in redox reactions. Advanced tech-
niques, including scanning transmission electron microscopy (STEM),
energy-dispersive X-ray spectroscopy (EDXS), and a custom Python-
based strain mapping tool linked to chemical analysis reveal nanoscale
La deficiencies and Fe enrichments at grain boundaries as key for
catalytic activity. Post-catalysis studies identify Fe-rich, FeO-like
nanoparticles at strained, defective grain boundaries, underscoring the
impact of A-site deficiencies on performance in NOx denitrification
(DeNOx). These findings highlight how A-site deficiencies and Fe-rich
nanostructures enhance catalytic efficiency, offering broader insights
into electrochemistry and heterogeneous catalysis.

MM 30.4 Thu 12:30 H23
Use of LiMn204 for switching applications in silicon waveg-
uide circuits — eVINIT AcarwaLral, Yuc Josui?2, and Guipo
Scumitz! — Insitut fiir Materialwissenschaft, Universitit Stuttgart,
Heisenbergstr.3, 70569 Stuttgart — 2Max-Planck-Institut fiir Nach-

haltige Materialien, Max-Planck-Strafe 1, 40237, Diisseldorf

Lithium ion intercalation and deintercalation play an important role in
determining the storage performance of cathode materials for lithium
ion batteries. However, intercalation of ions also regularly modifies
electron structure and optical properties of the materials. This study
explores the possibility of exploiting the optical properties of the cath-
ode material LiMn204 (LMO) for optical switching applications in sil-
icon waveguide circuits. For this, LMO is coated as a cladding around
Si waveguides suitable for the 1550 nm wavelength of optical telecom-
munication. To stabilize the interface a thin intermediate Si oxide film
is tested as an optical transparent reaction barrier. Our TEM images
and the EDX mapping show that the Si does not react with LMO for
oxide layer thickness as low as 10 nm. Previous work has explored the

change in resonance wavelength of reflectance spectra with lithiation/
delithiation in the visible region[l]. In extension, we have measured
FTIR reflectance spectra in the near IR region. They show a fairly
continuous spectrum between visible and IR region with reflectance
going to 100 % and a gradual shift in resonance wavelength in the IR
region with Li intercalation. The optical response on light transmis-
sion along the wave guides has been determined in dependence on the
degree of lithiation. [1]. DOI:10.1002/adom.201701362

MM 30.5 Thu 12:45 H23
Chemical short-range order and local lattice distortions in
High-Entropy Alloys: state of the art — eANDREA FANTIN,
ANNA Maria Manzoni, REza DarvisHi KamacHALl, and ROBERT
Maass — Bundesanstalt fuer Materialforschung und -pruefung, Unter
den Eichen 87, 12205 Berlin, Germany

Understanding the intricate atomic-scale structures within High-
Entropy Alloys (HEAs) is crucial for tailoring their properties for di-
verse applications. This contribution tries to provide a brief overview
of the state-of-the-art experimental techniques employed to probe lo-
cal lattice distortions and chemical short-range order in HEAs, with
specific focus on X-ray absorption spectroscopy and total scattering.
The main problem to overcome in multi-component alloys is the in-
trinsic reduced scattering contrast between nearest neighbors in the
periodic table, which limits the amount of information that can be ex-
tracted from the data. This statement remains valid when employing
transmission electron microscopy, as well. Specific examples such as
the Al-Co-Cr-Cu-Fe-Ni fce system [Small Science 4(2), 2300225 (2024);
Nature Communications 15(1), 7815 (2024)] and the MoNbTaW bcc
system [Materials Research Letters 12(5), 346-354 (2024)] will be out-
lined. It comes clear that rather than specific techniques, it is only
the combination of several experiments, supported by simulations and
multi-technique simultaneous structural refinements, that can help in
disentangling the different contributions to performances of each el-
ement within the alloy solid solution, with strength and weaknesses
depending on the specific experimental measurements.

MM 31: Data-driven Materials Science: Big Data and Worksflows

Materials Properties and more

Time: Thursday 15:00-18:00

MM 31.1 Thu 15:00 HI0
Thermodynamic stability of the materials in the Materials
Cloud three-dimensional crystals database (MC3D) — eT1MoO
ReenTs!2, Marnik Bercx!, and Grovannt Pizzi'2 — lLaboratory
for Materials Simulations (LMS) and National Centre for Compu-
tational Design and Discovery of Novel Materials (MARVEL), Paul
Scherrer Institut (PST), CH-5232 Villigen PSI, Switzerland — 2Ecole
Polytechnique Fédérale de Lausanne (EPFL), Lausanne, Switzerland

High-throughput studies based on ab initio methods such as Density
Functional Theory (DFT) enable the analysis of physical properties
across a broad chemical space. Here, we present the Materials Cloud
three-dimensional crystals database (MC3D), a DFT optimized and
curated structural database of experimentally known inorganic crys-
tals. All calculations are managed and driven by the AiiDA [1, 2]
workflow engine, allowing to browse the full provenance graph and to
share the results in the Materials Cloud [3]. We introduce the protocols
behind MC3D, the new frontend, and we then focus on the thermo-
dynamic stability. To improve the agreement between the theoretical
and experimental thermodynamic stability, we apply empirical [4] and
machine-learning [5] based corrections, and improve upon them, dis-
cussing the agreement with experimental data on stability.

[1] Huber, S.P. et al., Sci Data, 2020, 7, 300.

[2] Uhrin, M. et al., Comp. Mat. Sci., 2021, 187, 110086.

[3] Talirz, L. et al., Sci Data 7, 299 (2020).

[4] Stevanovié, V. et al., Phys. Rev. B, 2012, 85, 115104.

[5] Gong, S. et al., JACS Au, 2022, 2, 1964-1977.

MM 31.2 Thu 15:15 HI10
high-throughput computation and machine learning model-
ing of magnetic moments and Md&ssbauer spectroscopy for Fe-
based intermetallics — eBo Znao, XiaNkanG Tang, and Hona-
BIN ZHANG — Institute of Materials Science, Technische Universitit

45

Location: H10

Darmstadt, Otto-Berndt-Str. 3, 64287 Darmstadt, Germany

Understanding the relationship between the local crystalline environ-
ment and magnetic properties is a fundamental challenge in condensed
matter physics and materials science. This study explores this rela-
tionship in Fe-based intermetallic compounds, focusing on the mag-
netic moments and Mdssbauer parameters of iron atoms, including the
isomer shift, electric field gradient, and magnetic hyperfine field. High-
throughput calculations and machine learning techniques are employed
to predict magnetic properties based on local atomic structures, using
smooth overlap of atomic positions (SOAP) as local descriptors. The
results first reveal the sparsity of relevant materials in the Materials
Project database. Leveraging high-throughput, system-specific data,
the study demonstrates strong correlations between local atomic envi-
ronments and magnetic properties, achieved through machine learning
models. Furthermore, the limitations of symmetry-invariant descrip-
tors in predicting tensor-like properties, such as the electric field gra-
dient, are highlighted. By incorporating a graph-based equivariant
autoencoder, the model achieves improved predictions by effectively
capturing the symmetry of local environments.

MM 31.3 Thu 15:30 HI10
Advanced Machine Learning of 170 NMR in Non-Magnetic
Oxides: High-Throughput Calculation, Prototype Com-
pound Analysis, and Transfer Learning — eZuivuan Li, Bo
Zuao, HoNGBIN ZHANG, and YIXUAN ZHANG — Institute of Materi-
als Science, TU Darmstadt, 64287 Darmstadt Germany

The study of 17O NMR spectroscopy is crucial for understanding the
local structure of oxides, where the naturally occurring NMR-active
oxygen isotope, 170, provides unique insights into local environments
due to its large chemical shift range and quadrupolar nature. In this
work, we present a high-throughput workflow integrating AiiDa and
CASTEP to calculate the NMR parameters of over 7100 compounds
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from the Materials Pro ject database, followed by utilizing machine
learning models to predict 17O NMR parameters. Furthermore, taking
BaTiO3 as an example, we identify prototypical ABOg3 crystal struc-
tures, construct BaTiOg analogs via substitution, perform ab initio
molecular dynamics simulations to generate 3000 perturbated struc-
tures, and evaluate the NMR parameters. The results of our machine
learning modeling with such additional dataset reveal that incorporat-
ing perturbated structures enhances the accuracy of the machine learn-
ing model. Moreover, by leveraging transfer learning, using previously
trained model from our high-throughput dataset, the predictivity for
the newly generated BaTiO3 analogs can be further improved.

MM 31.4 Thu 15:45 HI10
Advancing chemical shielding predictions in organic solids
— eMarTHIAS KELLNER and MicHELE CERIOTTI — Ecole Polytech-
nique Fédérale de Lausanne, 1015 Lausanne, Switzerland

In this presentation, we showcase our recent advancements in machine
learning for predicting chemical shieldings in organic solids. Leveraging
symmetry-adapted machine learning models, our updated infrastruc-
ture facilitates the accurate prediction of chemical shielding anisotropy
and enables structure optimization driven by chemical shielding gra-
dients. We will highlight how integrating machine learning potentials
with property prediction models provides unique insights into atom-
istic processes, offering a powerful framework for exploring the complex
behavior of organic materials.

MM 31.5 Thu 16:00 H10
Active learning workflow for mixed-halide perovskite stabil-
ity and electronic band-structure — eTiM BecHTELD?2, SANTI-
Aco RicamonTi!, and CrLaupia Draxr!:2 — 'Humboldt-Universitét
zu Berlin, Germany — 2Max Planck Institute for Solid-State Research,
Stuttgart, Germany

Mixed-halide perovskites are promising materials for stable and ef-
ficient light harvesting and emission applications, and their compo-
sition can be tailored to match relevant regions of the light spec-
trum [1]. Theoretical predictions from first-principles calculations can
provide insight into stability, ground-state properties, and electronic
structure [2,3]. Comparison with experimental results for "real" ma-
terials is, however, challenging. For example, the consideration of
chemical (dis)order requires huge supercells, which is computation-
ally out of reach with state-of-the-art methodology. For the family
of CsPb(ClyBryli_z_y)3 compounds, we bridge this gap with an ac-
tive learning workflow. It is based on a fine-tuned machine learning
interatomic potential [4] that interpolates between already seen com-
positions, and actively explores new composition ranges. This ap-
proach allows for data-efficient predictions of stability through finite-
temperature phase diagrams and optical properties for a wide range of
compositions.

[1] H. Nasstrém, PhD Thesis, https://doi.org/10.18452/24939

[2] F. Pan, et al.; https://doi.org/10.1021 /acs.chemmater.4c00571

[3] J. Laakso, et al.; https://doi.org/10.1103 /PhysRevMaterials.6.1138

[4] 1. Batatia, et al.; https://doi.org/10.48550,/arXiv.2401.00096

15 min. break

MM 31.6 Thu 16:30 H10
Towards Multi-Fidelity Machine Learning Using Robust Den-
sity Functional Tight Binding Models — eMgnaNnan Curl-2,
KarsTEN REUTER!, and JonanNeEs T. MARGRAF? — lFritz-Haber-
Institut der MPG, Berlin, Germany — 2University of Bayreuth, Phys-
ical Chemistry V: Theory and Machine Learning

Machine learning has revolutionized the atomistic simulation of
molecules and materials, offering unparalleled computational speed
with high accuracy. However, its performance depends heavily on
the quality and quantity of training data, presenting challenges due
to the scarcity of high-fidelity datasets (beyond semilocal DFT). This
study investigates transfer learning (TL) across multiple fidelities for
molecules and solids, examining the role of fidelity levels and config-
uration/chemical space overlap in pre-training and fine-tuning. This
reveals negative transfer driven by noise from low-fidelity methods like
DFTB, which can significantly impact fine-tuned models. Despite this,
multi-fidelity approaches consistently outperform single-fidelity learn-
ing and, in some cases, even surpass TL based on foundation models by
leveraging an optimal overlap of pre-training and fine-tuning chemical
spaces.
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MM 31.7 Thu 16:45 HI10
Enhancing FATR Data Management with Automated Vi-
sualization of Calculations — eN. DarrLman!, E. Bovpas!,
B. Monr!, J.M. Pizarro!, T. Bereav?, C. Draxs!, L.M.
GHIRINGHELLI?, M. GirARD?, D. Usvvar®, R. VaLenTI®, S. BoTTI?,
and J.F. Rupzinski! — 1CSMB, HU Berlin — 2ITP, Heidelberg Uni.
— 3Dept. of Mater. Sci. and Eng., FAU Erlangen — 4Max Planck
Inst. for Poly. Res., Mainz — 5Inst. fiir Chem., HU Berlin — 6Inst.
fiir Theor. Phys., GU Frankfurt/M — “RC-FEMS, Ruhr Uni. Bochum

In contrast to data science packages, first-degree data post-processing
tends to lock people into silos built around a particular simulation soft-
ware. NOMAD [nomad-lab.eu|[1] is an open-source and community-
driven data infrastructure that breaks open these silos by extracting
scientific data from over 60 code packages into a code-agnostic schema
within a research data management (RDM) ecosystem [2|. This talk
showcases NOMAD*s new visualization features at various levels of
RDM. At the level of individual calculations, NOMAD provides now
more detailed electronic structure visualizations and fast, dynamic ren-
dering of heavy files. Automated visualization does not imply, however,
a lack of customizability. NOMAD provides support for tailored figures
and larger-scale specialization via an accessible plugin-based system.
At the level of research projects, NOMAD allows for quick monitoring
of the data coverage via a fully customizable dashboard.

[1] Scheidgen, M. et al., JOSS 8, 5388 (2023).

[2] Scheffler, M. et al., Nature 604, 635-642 (2022).

MM 31.8 Thu 17:00 HI10
NOMAD CAMELS: An Open-Source Solution for Creat-
ing FAIR Data from Experiments — eALEXANDER Fucns!:?,
Jouannes LenMEYERD2, MicHAEL Kriecer!:2, and HEeiko
WEeBER!2 — Lehrstuhl fiir Angewandte Physik, Friedrich-Alexander-

Universitit Erlangen-Niirnberg — 2FAIRmat Consortium

NOMAD CAMELS is a configurable open-source measurement soft-
ware. It is suited to control experiments and records fully self-
describing experimental data. It has its origins in the field of ex-
perimental physics where a wide variety of measurement instruments
are used in frequently changing experimental setups and measure-
ment protocols. CAMELS provides a graphical user interface (GUI)
which allows the user to configure experiments without the need of
programming skills or deep understanding of instrument communica-
tion. CAMELS translates user-defined measurement protocols into
stand-alone executable Python code for full transparency of the ac-
tual measurement sequences. Metadata inflow from Electronic Lab
Notebooks (ELNs) and data output into such is well supported for a
seamless workflow. CAMELS is designed with a focus on full recording
of data and metadata aligned with the NeXus ontology. When shared
with others, data produced with CAMELS allow full understanding of
the measurement and the resulting data in accordance with the FAIR
principles.

MM 31.9 Thu 17:15 HI10
Databases of Fermi surfaces and de Haas-van Alphen oscilla-
tion frequencies from first principles simulations — eNAaTALIYA
PauLisu!, JunrENG Qrao?, and Giovannt Pizzi! — 1PSI Center for
Scientific Computing, Theory and Data, 5232 Villigen PSI, Switzer-
land — 2Theory and Simulation of Materials (THEOS), and National
Centre for Computational Design and Discovery of Novel Materials
(MARVEL), Ecole Polytechnique Fédérale de Lausanne, 1015 Lau-
sanne, Switzerland

The Fermi surface (FS) of a metal separates occupied from unoccu-
pied electronic states. Knowing its shape is crucial to understanding
the electronic properties of the material. Accurate simulation of the
F'S requires a very dense sampling of the Brillouin zone, and thus di-
rect density functional theory (DFT) calculations are limited by their
computational cost. To overcome this difficulty, we use interpolation
from a basis of spatially localized projectability disentangled Wannier
functions (PDWFs) - a recently developed algorithm for automated
Wannierization [1]. Using this algorithm, FSs were generated for over
7’000 inorganic metals. We also computed de Haas-van Alphen fre-
quencies associated with each FS, enabling direct comparison of our
simulations with experiments. The procedure is fully automated us-
ing the AiiDA workflow engine [2]. Our database will be published
openly online and browsable on the Materials Cloud MC3D section
(https://mc3d.materialscloud.org).

[1] J. Qiao, G. Pizzi, N. Marzari, npj Comput Mater 9, 208 (2023)

[2] S. P. Huber et al., Scientific data 7, 1 (2020)
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MM 31.10 Thu 17:30 H10
A systematic benchmark of GoWg calculations — eMARC
THIEME, MAX GROSSMANN, MALTE GRUNERT, and EricH RUNGE —
Technische Universitat Ilmenau, Ilmenau, Germany

Accurate and efficient ab initio electronic structure calculations of
semiconductors and insulators are a prerequisite for building large,
high-quality databases for machine learning (ML). However, the "op-
timal" choice (speed vs. accuracy) of the approximations used, i.e.
the exchange-correlation (XC) functional for density functional theory
(DFT) calculations or a particular many-body perturbation theory, re-
mains unclear. A systematic benchmark of band gaps of solids using
several different DFT XC functionals by Borlido et al [1,2] showed that
hybrid functionals perform exceptionally well and seem to be the func-
tionals of choice. The present study addresses the question of whether
GoWj calculations provide a sufficient increase in accuracy to justify
their increased computational cost compared to simpler DFT calcula-
tions with hybrid functionals. We calculate the band gaps for about
300 materials using the GoWo method starting from LDA/PBE DFT
calculations. The deviations between GoWg and experimental band
gaps are systematically compared with those of the best hybrid func-
tionals
[1] Borlido et al., J. Chem. Theory Comput. 15, 9 (2019)

[2] Borlido et al., npj Comput. Mater. 6, 96 (2020)

MM 31.11 Thu 17:45 H10
Machine Learning-Assisted Design of Magnetic Materials:
Predicting Properties for not purely ternary NdoFe;4uB —
eMAaNUEL ENNs, DaNIEL UrRBAN, WoLFcaNG KORNER, and CHRIS-
TIAN ELsAssEr — Fraunhofer IWM, Wohlerstrafe 11, 79108 Freiburg,
Germany

NdgaFej4B-based hard-magnetic materials are widely used for strong
permanent magnets. Their re-use and recycling after the end of
the magnet’s life cycle opens the question of the degradation of the
magnetic properties due to the incorporation of unintentional impu-
rity elements originating from the recycling procedures. In this talk,
we present a data-mining and machine-learning (ML) approach us-
ing kernel-based learning methods to predict the influence of impurity
atoms in NdaFej4B-based materials. The magnetic-property data used
for training and testing the ML model were obtained by a combinato-
rial high-throughput screening (HTS) using density-functional theory
calculations. We demonstrate that our ML approach can accurately
predict the saturation magnetization, the uniaxial anisotropy constant,
and the formation energy for NdaFei4B with impurities added by re-
cycling.

MM 32: Transport in Materials: Diffusion, Charge or Heat Conduction

Battery Materials, Effects of Defects
Time: Thursday 15:00-17:45

MM 32.1 Thu 15:00 H22
Kinetic analysis of lithium transport in silicon anode using
operando optical microscopy — eSHiHao WEI, Monica MEAD,
Yuc JosHi, and Guipo ScHMITZ — Institute of Materials Science
University of Stuttgart, 70569 Stuttgart, Germany

The performance of silicon(Si) anodes in lithium(Li)-ion batteries is
significantly influenced by the kinetics of Li insertion and migration,
particularly at the phase boundaries formed during cycling. Tra-
ditional techniques, such as EIS, SIMS, and NMR, are limited in
providing detailed kinetic information at internal phase boundaries.
This study proposes a novel approach to measure Li migration across
phase boundaries in Si-based anodes. First, reflectance spectroscopy
is employed to examine the optical response of Si thin films sput-
tered onto copper current collectors at various charge states, reveal-
ing reversible electrochromic behavior and the effect of Li content on
spectral characteristics. Based on this, operando optical microscopy
is developed to track the lithiation front, by using SU-8 photoresist
as a patterning tool. The lithiation process is predominantly gov-
erned by diffusion-controlled parabolic growth, with minimal evidence
of interface-controlled linear growth. Interestingly, applying the same
method during delithiation, a significant slow-down of delithiation
front appears. In addition, temperature-dependent diffusion behav-
iors are explored, quantified with an Arrhenius-like model. By alter-
ing the geometry of the photoresist patterns, the transport dynamics
are analyzed under two distinct scenarios: a 1D semi-infinite planar
configuration and a 2D finite circular configuration.

MM 32.2 Thu 15:15 H22
Crossing Boundaries? Probing Ion Conduction across Inter-
faces in Solid Electrolytes using Computational NMR Spec-
troscopy — eTaBEA Huss!, FEpERICO Crvaial, SiMonE K&cHER?!
KARSTEN REUTER!, and CHRISTOPH SCHEURER!'?2 — lFritz-Haber-
Institut der MPG, Berlin — 2Institute of Energy Technologies (IET-1),

Forschungszentrum Jiillich GmbH

Grain boundaries are critical, yet poorly understood factors affect-
ing ion transport in solid-state electrolytes. The spin-alignment echo
(SAE) nuclear magnetic resonance (NMR) experiment is a versatile
tool to study the manifold transport processes of quadrupolar ions in
these solid state materials. However, assigning the measured decay
coefficients to physical transport phenomena often proves to be chal-
lenging. We have previously demonstrated that we can replicate the
SAE experiment for bulk materials using a multi-scale machine learn-
ing framework.[1] This framework simulates both the atomic structure
and dynamics of solid-state systems, along with generating solid state
NMR observables. Our approach has already allowed us to predict

47

Location: H22

electric field gradients over molecular dynamics trajectories and use
them to compute decay constants that align with ion hopping times in
bulk lithium thiophosphates. In this work, we extend our methodology
to explore ion transport in grain boundary structures of the solid-state
electrolyte LijgGeP2S12. We extract SAE time constants and differen-
tiate among various decay processes, advancing another step towards
direct comparability with experimental results.

[1] A. F. Harper et al., Faraday Discuss., (2024).

MM 32.3 Thu 15:30 H22
Theoretical Investigation of Electron Transport in the
LiMnPO, Battery Material — eFRrRANZ WinkLERD2 and HAR-
ALD OBERHOFER"? — !University of Bayreuth — 2Bavarian Center
for Battery Technologies

Developing better batteries and thus battery materials is a crucial step
in humanity’s urgent energy transition. Thereby, theory can play an
important role in characterizing and understanding the properties of
the involved materials. In this contribution we present our work on
LiMnPO4 which exhibits some desirable properties such as a high en-
ergy density and a high potential and thus operating voltage. However,
its adoption is hampered by a bad electronic conductivity.

Using electronic density functional theory (DFT), we compute the
parameters of conductivity for both band- and polaronic hopping
transport, to identify possible bottlenecks and thus possible future
improvements of the material. For this we consider both the param-
agnetic and antiferromagnetic configuration of LiMnPOy4. Due to the
well known failures of plain semi-local DFT to represent both localized
polaronic configurations and complex spin structures, we thereby use
Hubbard-corrected DFT for the bulk of our calculations and range-
separated hybrid DFT as a reference. Improvements suggested by our
theoretical results can then help experimental collaborators to estab-
lish synthetic routes towards more efficient battery materials.

MM 32.4 Thu 15:45 H22
Lithium transport in Lithium Manganese Oxide as a function
of temperature, concentration and grain size measured by
operando optical microscopy — eMonica Meap!, Yuc Josui?,
and Guipo Scumitz! — lInstitut fiir Materialwissenschaft, Univer-
sitdit Stuttgart, Heisenbergstr.3, 70569 Stuttgart — 2Max-Planck-
Institut fiir Nachhaltige Materialien, Max-Planck-Strafte 1, 40237 Diis-
seldorf

Common methods for the determination of diffusion coefficients in elec-
trode materials require critical interpretation, as their formal deriva-
tions rely on restrictive assumptions (e.g. galvanostatic/potentiostatic
intermittent titration technique (G/PITT), electrochemical impedance
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spectroscopy (EIS), cyclic voltammetry (CV)). Alternatively, an opti-
cal method for studying ion transport in battery electrodes through
operando microscopy can be applied. Here, the measurement of diffu-
sion coefficients is done on thin films in lateral diffusion geometry and
is based on an optical response upon ion intercalation. This allows
measuring the diffusion coefficient as a function of temperature, con-
centration and grain size. In this work, diffusion of Li ions in Lithium
Manganese Oxide (LMO) is studied by operando microscopy. The
temperature dependence of the diffusion coefficient, providing the ac-
tivation energy via the Arrhenius relation, and the diffusion coefficients
for the bulk/grain boundaries of LMO can be determined. Addition-
ally, it is possible to find the concentration dependence by an inverse
Boltzmann-Matano method on concentration profiles derived from the
intensity profiles along the diffusion direction.

MM 32,5 Thu 16:00 H22
Charge Transport Simulation in the High State-Of-Charge
using Kinetic Monte Carlo — eRova EBraHIMI VIAND, CHIARA
PaNosETTI, CHRISTOPH SCHEURER, KARSTEN REUTER, and SEBAs-
TIAN MATERA — Fritz-Haber-Institut der MPG, Berlin

Understanding charge transport in solids is crucial for improving en-
ergy storage systems such as lithium-ion batteries. The diffusion of
particles in solid materials typically involves rare transitions between
low-energy sites, making kinetic Monte Carlo (kMC) an effective tool
for studying the long-time dynamics. To address the computational
challenges posed by long-range Coulomb interactions, we utilize fast
rules for updating the process rates at each kMC step. We inves-
tigate ion transport on an isotropic rectangular lattice as well as in
lithium graphite structures at high states of charge. We find that small
changes in the ion concentration can significantly influence ion mobil-
ity, depending on temperature and dielectric response. This happens
near stoichiometric concentrations, where the ions freeze in a Coulomb
superlattice where effective motion is energetically uphill. Introduc-
ing defects or excess ions then opens effective pathways for diffusion.
Finally, we discuss the possibility of multiple quasi-stationary states
manifesting in different mobilities under the same applied conditions
and concentrations.

15 min. break

MM 32.6 Thu 16:30 H22
Electrical characterization of the gate length dependence in
graphene field-effect transistors — eDANIEL NICKEL!, DANIELE
Capistal, RasuoLe Lukose!, CHRriSTIAN WENGER!"2, and MINDAU-
cas Luxosius! — 'THP - Leibnitz Institute for High Performance Mi-
croelectronics, Im Technologiepark 25, 15236 Frankfurt (Oder), Ger-
many — 2BTU Cottbus Senftenberg, Platz der Deutschen Einheit 1,
03046 Cottbus, Germany

Integrating graphene into silicon complementary metal-oxide semicon-
ductor technology for electronic and optoelectronic applications holds
great promise but faces challenges such as limited graphene mobility.
This work addresses this limitation by using graphene field-effect tran-
sistors (GFETs) to analyze the influence of fabrication parameters on
the electrical properties of graphene and to investigate the gate length
dependence of sheet mobilities at T" = 300 K. The GFET devices are
fabricated with a wolfram back-gate on a 200 mm SiO2 /Si wafer, trans-
ferring chemical vapor deposition-grown graphene, patterning it, and
forming graphene channel contacts with Pd/Au and Ni. The Dirac
point is well detected in electrical measurements, indicating the transi-
tion between p- and n-type conduction. Graphene mobility is evaluated
using the transconductance method and total resistance fit, revealing
peak mobilities of y, = 715 cm?/Vs for the p-branch and p, = 986
cm? /Vs for the n-branch, with dependencies on channel length and
contact metals used. Funding was provided by the EU’s Horizon 2020
research and innovation program under the Graphene Flagship grant
agreement no. 101189797.

MM 32.7 Thu 16:45 H22
Structural and electronic impact of defective sites and their
effects on the thermoelectric properties of scandium nitride
thin films — eLuic1r Cicarini, UrRszuLa DaNuTA WDOWIK, and Do-
MINIK LEGuT — IT4Innovations, VSB Technical University of Ostrava,
17. listopadu 2172/15, 708 00 Ostrava-Poruba, Czech Republic

The Landauer model provides a theoretical tool to understand the elec-
tronic transport mechanisms that deeply govern at the atomic scale the
thermoelectric conversion of interesting materials. Transition metals
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nitrides are currently studied for potential applications in energy con-
version. Modeling the effects on electronic transport that result from
the electronic and structural modifications produced by oxygen im-
purities and spatial vacancies in scandium nitride (ScN), we propose
a theoretical interpretation for new experimental results revealing a
strong dependence of the thermoelectric properties of ScN thin films
on procedural changes during their fabrication. We find that the ther-
moelectric properties of ScN are actually decisively determined by the
structural and electronic factors caused by the presence of these de-
fects or impurities. Evaluating to what extent these material’s overall
properties are influenced by these features necessarily requires a theo-
retical approach. This is particularly true as the presence of oxygen,
which proves to be a decisive factor, is extremely difficult to control
in standard fabrication processes and experimental conditions. The
results presented in this contribution demonstrate the potential of this
theoretical approach in studying the thermoelectric properties of these
materials uncovering future strategies for improvement.

MM 32.8 Thu 17:00 H22
Helium Interaction with Atomic Level Defects in Tung-
stenStudied by Positron Annihilation Spectroscopy
eVassiLy VADIMOVITCH BURwITZ!2, ANNEMARIE KARCHER!"3, MAIK

ButTerLING?, Eric HirscHMANN?, Emma HUNTLEYZ?, ADRIAN
LaNGrReHRY?, Macies Oskar Liepke?, LuciaN Matugesh2,
THoMAS ScHWARZ-SELINGER?, CHRIsTOPH SPRINGLD2, Monia

Vapruccr®®, ANDREas WAGNER?, and CHRisTOPH HUGENSCHMIDT?
b 9

— 1TU Miinchen, School of Natural Sciences, Physikdepartment —
2TU Miinchen, MLZ — 3MPI fiir Plasmaphysik, Garching — *HZDR,
Institute of Radiation Physics — SENEA, Development of Particle Ac-
celerators and Medical Applications, Frascati (RM), Italy — 6Ttalian
Space Agency, Science and Innovation Directorate, Rome

Understanding the type and evolution of lattice defects in tung-
sten (W) is of interest in nuclear fusion materials research. We
therefore investigated W(111) mono-crystals by positron annihilation
Doppler-broadening spectroscopy (DBS) and positron annihilation life-
time spectroscopy (PALS). Both complementary methods are sensitive
tools for the examination of the defect type and concentration. The
literature currently lacks conclusive experimental work regarding the
influence of He decoration of vacancies on PAS. We therefore irradi-
ated samples by 4.5 MeV electrons to different damage levels in order
to specifically produce mono-vacancies in W. We will present DBS and
PALS measurements, both performed with a slow positron beam, be-
fore and after plasma loading with 50eV He ions. The implantation
energy is chosen low enough to prevent displacement damage.

MM 32.9 Thu 17:15 H22
Formation energies and charge transition levels of charged
point defects in Hematite — eHao CHEN, CHRISTOPH FREYSOLDT,
MirA Toporova, and JORG NEUGEBAUER — Max-Planck-Institut fiir
Nachhaltige Materialien GmbH, Diisseldorf, Germany

Hematite (Fe2O3), an iron oxide fundamental to the process of iron ore
reduction, exhibits rich defect physics and off-stoichiometric features,
as iron can occur as either Fe3t+ and Fe?t. Charged point defects and
the associated Fe?t /Fe3* transitions play an important role in phe-
nomena such as thermodynamic stability, phase transitions between
iron oxides, and electronic structure modulation. In order to correctly
account for these effects in the prediction of defect equilibria, phase
diagrams, diffusion, and related properties, a robust framework for
understanding defect thermodynamics and constructing a comprehen-
sive defect model at the ab initio level is essential. Here, we employ
DFT+U as an efficient tool for studying strongly correlated systems.
In view of the delocalization error of standard functionals, DFT+U
is crucial to investigate Fe?t ions as distinct species. Moreover, it
systematically opens the band gap of the bulk iron oxides. Since Hub-
bard U parameter has a direct influence on the band structure and
Fe-related defect states in the band gap, we investigate the impact of
U values on the computed formation energies of vacancies and inter-
stitials. Our results show that the defect formation energies have a
surprisingly weak dependence on U, thus allowing reliable predictions.
We analyze the electronic structures of the defects in detail to uncover
the underlying physical mechanisms.

MM 32.10 Thu 17:30 H22

Contribution of damped collective modes to thermopower in

the strange metal phase of cuprates — eG1ovanNT MIRARCHI!,
SErRGIO CaPrArRAZ3, CarLo D1 CasTro?, Gorz SrmBoLb?, and

Marco GRILLI?3 — lInstitute of Theoretical Physics and Astro-
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physics, University of Wiirzburg, Am Hubland, 97074 Wiirzburg, Ger-
many — 2Dipartimento di Fisica, Sapienza Universitad di Roma, P.
le Aldo Moro 5, 00185 Roma, Italy — 3ISC-CNR, Unita di Roma
Sapienza, P. le Aldo Moro 5, 00185 Roma, Italy — “4Institut fiir Physik,
BTU Cottbus-Senftenberg - PBox 101344, D-03013 Cottbus, Germany

The strange-metal behavior, which is still an unsolved problem in
condensed matter physics, is typically signaled by anomalies in ther-
modynamic and transport properties, including the famous linear-in-
temperature resistivity [1]. The best-known case of strange-metal
behavior in literature is that of high-temperature superconducting

MM 33: Invited Talk:

Time: Friday 9:30-10:00

Invited Talk MM 33.1 Fri 9:30 HI10
Fatigue in steels: Micromechanical modelling of cyclic dam-
age — ePETRA SONNWEBER-RiBIc!, ALEXANDRA STARK!, and
CHrisTIAN ELsisseR? — !Robert Bosch GmbH, Renningen —
2Fraunhofer-Institut fiir Werkstoffmechanik IWM, Freiburg

Fatigue is a common phenomenon in engineering structures and can
lead to unexpected failures, especially in critical components such as
aircrafts, trains, and automotive parts. Understanding the mecha-
nisms behind fatigue is crucial for ensuring the safety and reliability
of these structures. A specific challenge of fatigue lies in the difficulty
of external detection, as the initial stages of fatigue damage manifest
as highly localized processes within specific microstructural domains.

cuprates, whose strange-metal phase seems to always be accompanied
by some kind of dynamical charge order [2]. Based on the experimen-
tal evidence of damped short-ranged charge density collective modes in
the strange-metal phase of cuprates [3], we propose a scenario in which
these collective modes can affect the phenomenology of this phase by
interacting with electrons and by directly contributing to thermody-
namics and transport [4]. In this talk, the concept of heat current in
the presence of damping is discussed and used to describe the Seebeck
effect in cuprates through a mechanism analogous to phonon drag. [1]
Nat. Phys. 15, 142-147 (2019). [2] Science 337, 821 (2012). 3| Science
365, 906-910 (2019). [4] Commun. Phys. 5, 10 (2022).

P. Sonnweber-Ribic

Location: H10

The micromechanical modelling offers a method for predicting fa-
tigue properties and achieving a more profound comprehension of dam-
age and relevant micromechanical parameters. Initially, this is based
on the representation of the underlying microstructure of the mate-
rial and the description of local plastic deformation using the crystal
plasticity method. This approach has been successfully employed in
industrial environment to assess the role of different metallographic
phases in relation to local cyclic damage, among other applications.

Subsequently, this methodology can be enhanced by integrating a
hydrogen diffusion approach and advanced damage models to consider
the influence of hydrogen on fatigue damage mechanisms. The rel-
evance of different influencing factors is analyzed based on selected
examples.

MM 34: Development of Calculation Methods

Atomic Structure, Quantum Effects
Time: Friday 10:15-12:15

MM 34.1 Fri 10:15 HI10
Enhancing 3D Volume Reconstruction in Atom Probe To-
mography through Curvature-Based Tip Shape Analysis —
SEBASTIAN EicH and eGuipo ScuMITZ — Department for Materials
Physics, Institute for Materials Science, University of Stuttgart

Atom Probe Tomography (APT) provides chemical analysis of nano-
metric volumes with single-atom sensitivity in 3D. Traditionally, re-
construction assumes a hemispherical tip shape, which can lead to
significant distortions, especially due to local magnification effects.

Instead of relying on in-situ correlative microscopy, we propose a
numerical method to extract the emitter shape from the event den-
sity statistics on the 2D detector plane. This method is based on the
fundamental relationship between event density and the local Gaus-
sian curvature of the tip surface, with no mathematical restrictions
other than convexity. By knowing the curvature and assuming suitable
boundary conditions, the surface profile can be uniquely reconstructed,
bypassing the need for a hemispherical assumption.

The method is implemented as an easy-to-use Python module,
which will be demonstrated using various simulated and experimen-
tal datasets involving complex tip shapes. This approach significantly
reduces the local magnification effects at material interfaces with con-
trasting evaporation thresholds and is expected to improve the accu-
racy of atom probe reconstructions.

MM 34.2 Fri 10:30 HI10
Sum frequency generation from real-time simulation in 2D
crystals — eMikE Nico PioNTEck!, MyRTA GRUNINGZ3, SIMONE
Sannal, and Craubpio ArrtaccaLrte®? — lnstitut fiir Theoretis-
che Physik and Center for Materials Research (LaMa), Justus-Liebig-
Universitit Gieflen, Germany — 2School of Mathematics and Physics,
Queen’s University Belfast, United Kingdom — 3European Theoret-
ical Spectroscopy Facilities (ETSF) — 4CNRS/Aix-Marseille Univer-
sité, Centre Interdisciplinaire de Nanoscience de Marseille UMR 7325
Campus de Luminy, France

Sum and difference frequency generation (SFG, DFG) are powerful
experimental techniques which involve the interaction of two laser
with frequency w; and w2, generating an output beam with frequency
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w = w1 w2 as second-order nonlinear response. These techniques are
widely used to study 2D materials, providing complementary insights
to those obtained from infrared and Raman spectroscopy.

We present an implementation of SFG and DFG within the Yambo
code [1], based on real-time time-dependent adiabatic GW (TD-aGW).
To account for local field effects and electron-hole interactions, our ap-
proach reduces to the Bethe-Salpeter equation (BSE) in the linear limit
regime. We demonstrate this framework by calculating SFG and DFG
signatures in h-BN and MoSy. Furthermore, the method enables the
extraction of higher-order response functions (e.g. TPA). This work
establishes a first-principles approach to nonlinear optics, enabling in-
vestigations of optical responses of bulk materials with high versatility.
[1] D. Sangalli et al., J. Phys. Condens. Matter 31, 325902 (2019).

MM 34.3 Fri 10:45 H10
Ab initio calculations of longitudinal electrical conductivity
using a Wannier-based coherent potential approximation —
eSHOTA NAMERIKAWA and TakasHl KORETSUNE — Department of
Physics, Tohoku University, Sendai, Japan

We present a longitudinal electrical conductivity calculation method
for disordered alloys applicable from a wide range of density func-
tional theory (DFT) codes based on the first-principles Wannier-based
coherent potential approximation (Wannier-CPA). For evaluation of
electrical conductivity, we employ two complementary methods; the
Kubo-Greenwood formula and numerical analytic continuation of the
current-current correlation function. We apply the developed method
to Ag-Pd alloys and find that the results obtained by the Wannier-CPA
reasonably reproduce previous studies by the well-established CPA im-
plementation based on the Korringa-Kohn-Rostoker Green*s function
method (KKR-CPA).

MM 34.4 Fri 11:00 H10
Ab-initio-based analysis of phonon contributions to negative
thermal expansion of a-tin — ePrTrR Cirex! 2, JANA PavLo?,
MaRrTIN Fr1Ak!, and ALENA MicuaLcovAa® — !Inst. Phys. Mater.,
Czech Acad. Sci., Brno, Czech Rep. — ?Dept. Chem., Masaryk Uni.,

Brno, Czech Rep. — 3Dept. Met. Corr. Eng., Uni. Chem. Technol.
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Prague, Czech Rep.

We applied quantum-mechanical calculations to investigate tin’s ther-
modynamic and dynamic stability in its various allotropic forms. Fo-
cusing specifically on the a-Sn, our results showed a negative thermal
expansion within the temperature range from T = 0 K to T = 45 K.
No similar phenomenon appears in spectra of other allotropic modifica-
tions of tin. That means that the origin of this behaviour is connected
to the diamond structure of alpha tin. We investigated the behaviour of
the Griineisen constant of a-tin in reciprocal space to explain the causes
of this phenomenon. There are interesting temperature-dependent con-
tributions of individual phonon modes from different k-points in the
reciprocal space. In particular, these contributions are negative at all
studied temperatures for the k-points around k-point X (0, 0, 0.5) and
positive around k-point I' (0, 0, 0). Negative thermal expansion of
a-Sn at low temperatures is thus related to the behaviour of phonons
around k-points X, M and N.

MM 34.5 Fri 11:15 HI10
Bayesian Uncertainty Estimates for Spin-Component-
Scaled Second-Order Mgller-Plesset Perturbation Theory
— eoELisABETH KELLER and JOHANNES MARGRAF — Universitét
Bayreuth, Bayreuth, Germany

Spin-component-scaled second-order Mgller-Plesset perturbation the-
ory (SCS-MP2) improves upon MP2 by separately scaling the same-
spin and opposite-spin MP2 contributions, achieving near coupled clus-
ter (CCSD(T)) accuracy in some applications. However, the optimal
scaling parameters vary by target domain, limiting the transferability
of any given SCS-MP2 parameterization. To address this limitation,
we employ a Bayesian multilevel linear regression model to obtain a
robust parameterization for SCS-MP2, termed BSCS-MP2, predicting
various energetic properties, including total, atomization, reaction, and
non-covalent interaction energies. Additionally, the Bayesian model
provides credible intervals to quantify the uncertainty of the BSCS-
MP2 energy predictions. We evaluate how these uncertainty estimates
adjust to data quality and model complexity, and assess their robust-
ness for out-of-sample inference.

15 min. break

MM 34.6 Fri 11:45 HI10
pyTTN, an open source toolbox for Quantum Dynamics sim-
ulations using Tree Tensor Network states — LAcHLAN LiNDOY,
eDANIEL RODRIGO-ALBERT, YANNIC RATH, and IvAN RUNGGER —

National Physical Laboratory, Teddington, TW11 OLW, United King-
dom

The simulation of large-scale dissipative quantum systems is a signifi-
cant challenge arising in several areas of physics and chemistry. In this
talk we will discuss pyTTN, our recently developed software package
for simulating dynamical properties of open quantum systems. This
package makes use of Tree Tensor Network (or equivalently, Multi-
Layer Multi-Configuration Time-Dependent Hartree) based represen-
tations of the state vector, and features both single- and multi-set an-
sétze, as well as adaptive bond dimension through subspace expansion
techniques. The software has been designed with a focus on perfor-
mance and ease of setup of new models and wavefunction topologies,
including simple preparation of zero- and finite-temperature calcula-
tions with general bosonic, fermionic, and spin Hamiltonians. We will
demonstrate the capabilities of the package with both unitary dynam-
ics and non-unitary pseudomode-based approaches for the simulation
of Anderson impurity models.

MM 34.7 Fri 12:00 H10
Spectral properties from an efficient analytical representa-
tion of the GW self-energy within a multipole approximation
— eDARIO ALEJANDRO LEON!, KRISTIAN BERLAND!, and CLAUDIA
CarDOs0? — Norwegian University of Life Sciences, As, Norway —
283 Centre, Istituto Nanoscienze, CNR, Modena, Italy

We propose an efficient analytical representation of the frequency-
dependent GW self-energy via a multipole approximation (MPA-X).
Similar to the earlier developed multipole approach for the screen-
ing interaction W (MPA-W) [Phys. Rev. B 104, 115157 (2021)], the
multipole-Padé model for the self-energy is interpolated from a small
set of values evaluated numerically in the complex frequency plane. As
for MPA-W | we show that an appropriate choice of the frequency sam-
pling is paramount to guarantee computational efficiency and high level
of accuracy in the description of the self-energy. Crucially, MPA-Y en-
ables a multipole representation for the interacting Green’s function
G (MPA-G), providing straightforward evaluation of all the spectral
properties. Combining the MPA-W and MPA-Y schemes considerably
reduces the cost of full-frequency self-energy calculations, especially
when targeting spectral band structures in a wide energy range. We
validate the MPA-Y approach in bulk Si, Na and Cu, monolayer MoS2,
the NaCl ion-pair and the F2 molecule, as prototypical semiconduct-
ing and metallic materials of different dimensionality. Moreover, toy
MPA-Y models with one and two poles and their corresponding MPA-
G solutions, are used to examine the quasiparticle picture in different
situations.

MM 35: Transport in Materials: Diffusion, Charge or Heat Conduction

Diffusion
Time: Friday 10:15-11:45

MM 35.1 Fri 10:15 H22
Influence of second phase precipitation on bulk diffusion
of Ni in the CoFeMnNiV high-entropy alloy — eADITYA
BuURLA!, MOHAN MURALIKRISHNA GARLAPATI!, ADITYA SRINI-
vasAN TIRUNILAI?, GUILLAUME LAPLANCHEZ, GERHARD WILDE!, and
SercIY V Drvinski! — nstitut fiir Materialphysik, Universitét Miin-
ster, 48149 Miinster, Germany — Z2Institut fiir Werkstoffe, Ruhr-

Universitat Bochum, 44780 Bochum, Germany

High-entropy alloys (HEAs), or multi-principal element alloys repre-
sent a new class of metallic materials that offer tremendous opportu-
nities for advancing materials science due to their vast compositional
space and exceptional properties. While tracer diffusion and sigma
phase precipitation kinetics in the Co-Cr-Fe-Mn-Ni system have been
widely studied, the interaction between the two has received limited
attention. The present work focuses on an equiatomic CoFeMnNiV
HEA, in which Vanadium is known to have a strong tendency to stabi-
lize the sigma phase. Therefore, this element promotes its precipitation
in the CoFeMnNiV alloy, particularly at temperatures below ~1080°C,
even after short anneal times of just 1 h in the fully recrystallized state.
In this study, bulk diffusion of Ni is investigated using the radiotracer
technique. A strong impact of sigma phase precipitation on the self-
diffusion kinetics was discovered and analyzed. The obtained tracer
diffusivities follow an Arrhenius-type relationship when estimated in
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the stable microstructures, whereas concurrent precipitation enhances
the tracer diffusion rates.

MM 35.2 Fri 10:30 H22
Investigation of lateral hydrogen diffusion in polycrystalline
molybdenum trioxide thin films — eTim K. HECKER, MARTIN
BeEcKER, and PETER J. KLAR — Institute of Experimental Physics I
and Center for Materials Research, Justus Liebig University Giessen,
Giessen, Germany

Molybdenum trioxide thin films were prepared by RF sputter depo-
sition exploring a wide range of growth parameters. To characterise
the thin films, electrochemical, Raman, and XRD experiments were
conducted. In order to gain a deeper understanding of the diffusion of
hydrogen in these thin films, the samples were microstructured with a
PMMA film in a way that restricts the contact surface with the elec-
trolyte to a narrow stripe-like gap. This enables the lateral diffusion of
hydrogen beneath the PMMA film to be studied using a transmission
experiment, making use of the electrochromic properties of molybde-
num trioxide. This increases the accessible spatial and temporal scale
by several orders of magnitude, significantly improving the spatial and
temporal resolution of the in-situ transmission measurement. Spa-
tially resolved transmission measurements in the wavelength range of
633+£55 nm demonstrate that the investigated diffusion is dependent
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on the hydrogen concentration. The results are also supported by a
spatially and temporally resolved diffusion simulation. Furthermore,
the measurement method presented here is universally applicable to
electrochromic thin film samples.

MM 35.3 Fri 10:45 H22
Diffusion and activation energies of hydrogen and its iso-
topes in boron structure — eBianca SoLoMoNEAl2, CALIN
PanTis-StmuT?3, MinagLa Cosinscur®?, Paur Dincal, CoRNELIU
Porosnicu!, and GrorGE NEMNEs?3 — !'National Institute for
Laser, Plasma and Radiation Physics (INFLPR), Atomigtilor Street
409, 077125 Magurele, Ilfov, Romania — 2Faculty of Physics, Univer-
sity of Bucharest, Atomistilor 405, Magurele-Ilfov 077125, Romania —
3Horia Hulubei National Institute for Physics and Nuclear Engineer-
ing, Reactorului 30, Magurele-Ilfov 077125, Romania

The retention and release of hydrogen isotopes in plasma-facing mate-
rials (PFM) is a critical concern for the ITER project. The decision
to construct the Tokamak reactor as a fully tungsten-based machine
presents challenges regarding plasma ignition and stability, particularly
due to impurities in the working gases. Boronization is applied to re-
tain impurities by forming covalent bonds with oxygen and nitrogen.
This study uses ab initio calculations via Density Functional Theory
(DFT), molecular dynamics (MD), and the nudged elastic band (NEB)
method in the SIESTA code to examine boron structures in crystalline
and amorphous forms. Activation energies for trapping, detrapping,
and diffusion processes are determined. Given the difficulty of defining
hydrogen-isotope diffusion in boron structures, and its importance for
retention and desorption in redeposited or co-deposited layers of the
PFM, we focus on identifying the potential diffusion trajectories of hy-
drogen within the boron structure. This includes mapping a potential
landscape and locating local minima and saddle points.

MM 35.4 Fri 11:00 H22
Diffusion behavior of Li ions in crystalline and amorphous
Li-Zr-O and Li-Nb-O phases — eDaniEL MuTTER!, DiEco
A. PanTaNo?, CHRISTIAN ELsAsser!, and DanieL F. UrBan! —
IFraunhofer IWM, Waohlerstraffe 11, 79108 Freiburg, Germany —
2TotalEnergies OneTech, 2 place Jean Millier, 92400 Courbevoie,
France

Li containing transition metal oxides are known as good ionic con-
ductors. Performing classical molecular dynamics simulations with a
Morse potential model based on the Bond Valence method, the diffu-
sion behavior of Li ions is investigated in crystalline and amorphous
phases with the stoichiometries LisZrO3 and LiNbOj3. The diffusivi-
ties are obtained from a statistical Arrhenius analysis of mean square
displacement curves at different temperatures. The crystalline phase
of LipZrO3 exhibits two well-defined migration mechanisms: vacancy-
mediated migration is dominant below and a collective site exchange
of Li ions above a crossover region between about 1700 and 1800 K.
The latter mechanism, which is related to the formation of Frenkel pair
defects and subsequent rotation of Li-Li pairs, also prevails in the amor-

phous phases with a strongly reduced activation energy. This is ex-
plained by a smaller equilibrium separation of Li ions in the amorphous
phase than in the crystal structure. The demonstrated methodology
and the discussed results shed light on a hitherto rarely described diffu-
sion mechanism in ionic metal-oxide materials relevant for ion-battery
applications.

MM 35.5 Fri 11:15 H22
Ag bulk and grain boundary diffusion in AICoCrFeNi2.1 com-
positionally complex alloy — eHENG ZHANG, MOHAN MURALIKR-
ISHNA GARLAPATI, SERGIY V Di1vinski, and GERHARD WILDE — Insti-
tute of Materials Physics, University of Munster, Wilhelm-Klemm-Str.
10

Bulk and grain boundary diffusion of Ag in a eutectic Al-Co-Cr-Fe-
Ni multi-principal element system is measured using the radiotracer
technique and applying the 110Ag radioisotope. An equilibrium mi-
crostructure was produced by rotary forging and annealing of cast and
homogenized initial casting ingot material. Ag diffusion is measured
in the temperature interval from 673K to 1373K accounting for vol-
ume (at high temperatures) and short-circuit (at moderate and low
temperatures) diffusion contributions. In the present case, interphase
boundaries can potentially contribute in addition to grain boundaries
to the short-circuit diffusion. The grain- and interphase-boundary dif-
fusion experiments were performed in the B-type kinetic regime based
on Harrison’s classification. The results are analyzed with respect to
constituent phases (FCC and B2) and different interface types. The
contribution of interphase boundary diffusion is analyzed in detail.

MM 35.6 Fri 11:30 H22
Mechano-chemical coupling induced by Co grain bound-
ary diffusion in SIGMA5(310) Cu bicrystals — eESAKKIRAJA
NEELAMEGAN!, ANoosHEH AkBARI', Hul DiNg2, HARALD ROSNER!,
DANIEL GAERTNER!, CHRIsTIAN LiEBscHERZ?, GERHARD WILDE!,
and SerGIY Divinski! — !Institute of Materials Physics, University
of Miinster, Miinster-48149 Germany — 2Max-Planck-Institut fiir Sus-
tainable Materials, Diisseldorf, Germany — 3Faculty of Physics and
Astronomy, Ruhr University Bochum, Bochum, Germany

Grain boundary diffusion of 57Co in pure copper SIGMA-5(310)[001]
bicrystals is investigated using the radiotracer technique. Experiments
are conducted under both the type-B and type-C kinetics regimes, as
classified by Harrison. By varying the amount of applied 57Co tracer
solution, characteristic changes in the shape of the penetration profiles
are observed and attributed to Co segregation induced changes of the
grain boundary structure. The structural changes due to the Co addi-
tion are examined by scanning transmission electron microscopy. The
elastic strains near the grain boundary are measured using nano-beam
diffractions with a nanometer resolution. The Co-induced variations
of the GB structure provide an intriguing picture, particularly when
considering their influence on the diffusion behaviour in the presence
of deliberately introduced solute atoms.

MM 36: Mechanical Properties

Nanomaterials and Alloys
Time: Friday 10:15-13:00

MM 36.1 Fri 10:15 H23
STEM investigation of early precipitation reactions in Al-Cu
alloys — eJoHANNEs BERLIN and FERDINAND HAIDER — Chair for
Experimental Physics I, University of Augsburg, Universitatsstrafe 1,
86159 Augsbur

Due to their excellent strength-to-weight ratio, heat-treatable Al-Cu
alloys have been widely used since their invention. Although the occur-
ring precipitates in naturally aging aluminium alloys are well known,
the very early stages of formation mechanisms still are a topic of on-
going research. Scanning transmission electron microscopy is used to
investigate the influence of different parameters, such as thermal his-
tory and effects of microalloying, on early-stage precipitate formation
and transformation in Al. Due to their strong binding potential to
quenched in vacancies even a few hundred ppm of trace elements such
as tin and indium can alter the natural aging process drastically. Even
after prolonged natural ageing, a slight increase in temperature can
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lead to drastic changes in precipitation size and densitiy inthese mate-
rials. This proves a long-lasting supersaturation of the material with
vacancies. Additionally, these results are compared to the measure-
ments of hardness, DSC and electrical resistance.

MM 36.2 Fri 10:30 H23

Surface structure and reactivity of Aluminium alloys studied
by DFT — eZuENcQING WEI', INNA V. PLyusHCHAY2, NEBAHAT
Burut!, FLorIAN LEHMANNS, Maik Gupr3, JuLia HurenBacH??,
and StBYLLE GEMMING!® — Inst. Physics, TU Chemnitz, Germany
— 2Natl. Taras Shevchenko University of Kyiv, Ukraine — 3ILK, TU
Dresden, Germany — 4IFW Dresden, Germany — ®Inst. Materials
Science, TU-BA Freiberg, Germany — SMAIN Center, TU Chemnitz,

Germany.

Classically, the mechanical properties of alloys are attributed to the
action of stress fields around defect sites and to their combined influ-
ence on the overall elastic moduli. The present study employs first-
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principles modeling to include also changes of the electronic structure
and investigate the bonding, stability, and reactivity changes around
impurities in the bulk and at surfaces. We focus on Al alloys with
low amounts of substitutional Mg, Zr, and Si atoms. The results in-
dicate that the electron density changes mostly within the first co-
ordination sphere around the impurity, the bond lengths vary locally
within few percent, and there exists a thermodynamic driving force
for most elements to diffuse to or near surfaces or interfaces. Sta-
ble 2D surface alloy compositions in part differ from the bulk phase
and exhibit an element-specific reactivity with air and polymer coat-
ings. Modeling the adsorption of oxygen, nitrogen and the PEEK
polymer from first principles gives access to modified local potentials
for the classical modeling of large-scale surface and interface areas (tu-
dresden.de/ing/forschung/Graduiertenkollegs/grk2868#intro).

MM 36.3 Fri 10:45 H23
Active learning-based interatomic potential for investigating
mechanical properties of Al-Mg-Zr alloys — eLLUKAS VOLKMER,
LeoNarRDO M. SanpoNas, GIANAURELIO CUNIBERTI, and MARKUS
KAsTNER — Technische Universitdt Dresden

The unique properties of aluminum-based alloys, such as low density,
high specific strength, and excellent resistance to oxidation and cor-
rosion, enable the design of advanced metamaterials. In this work,
we theoretically investigate the effect of alloying aluminum with mag-
nesium and zirconium on its thermodynamic and mechanical proper-
ties. Since exploring the vast chemical compound space of these alloys
through Density Functional Theory (DFT) calculations is computa-
tionally prohibitive, we developed a scalable and transferable machine
learning interatomic potential (MLIP) capable of accurately calculat-
ing diverse properties of Al-Mg-Zr alloys. The MLIP was trained us-
ing an active learning technique based on ab initio molecular dynam-
ics simulations, Bayesian statistics, and kernel ridge regression. This
methodology ensures that the MLIP captures the effects of alloying
concentration and atomic configurations up to the solubility limit, pro-
viding access to highly accurate physicochemical properties of a wide
range of Al-based alloys at a reasonable computational cost. We ex-
pect this approach to enable efficient phase space exploration, offering
a robust tool for designing advanced Al-based alloys with optimized
properties.

MM 36.4 Fri 11:00 H23
Phase identification by Raman Spectroscopy on pre-oxidized
AISI 316L-MgO composite produced by Spark Plasma Sin-
tering — eJuLia RicHTER!, MAHNAZ MEHDIZADEHLIMAZ, CAMELIU
Himcinscnt!, and Jens Korrus! — 'TU Bergakademie Freiberg, In-
stitut flir Theoretische Physik, Leipziger Strafte 23, D-09599 Freiberg
— 2TU Bergakademie Freiberg, Institut fiir Werkstoffwissenschaft,
Gustav-Zeuner-Strafte 5, D-09599 Freiberg

Re-usage, recycling and upcycling of MgO-C refractories as they are
widely used in the steel industry are crucial for resource efficiency. Our
upcycling concept is aimed at steel-MgO composite anodes for appli-
cation in the extraction of aluminum by fused-salt electrolysis. The
composite anode material is produced by Spark Plasma Sintering based
on 60 vol.% AISI 316L steel powder and 40 vol.% MgQO. In this stage
of development, the raw material is fused fresh MgO instead of recy-
clate as a proof of concept. Pre-oxidation treatment of the developed
composite is intended to enhance the material’s corrosion resistance
in the aggressive environment of molten cryolite during application.
In order to gain a better understanding of the oxidation behavior at
different temperatures, phase identification is required. For this pur-
pose, Raman spectroscopy as a sensitive, non-destructive, non-contact
method is employed complementary to other investigative techniques;
e.g., Scanning Electron Microscopy.

MM 36.5 Fri 11:15 H23
Atomic Cluster Expansion for Ag-Au-Pd alloys — eYANYAN
Liang, MaTrous MRrRoVEC, YURY Lysoroskiy, and RALF DrauTZz —
ICAMS, Ruhr-Universitat Bochum, Germay

Ternary alloys of Ag-Au-Pd are of technological importance in catalysis
and electrical applications. However, the system lacks reliable and effi-
cient interatomic potentials capable of accurately describing structural
and thermodynamic properties, particularly for investigating complex
segregation and ordering phenomena in bulk systems and nanoclusters.
In this work, we present an atomic cluster expansion (ACE) model pa-
rameterized for the Ag-Au-Pd system with quantum-level accuracy.
We demonstrate that the ACE model provides an accurate description
of fundamental properties, including structural stability and thermo-
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dynamics, not only for the elemental metals but also for their binary
and ternary compounds. Furthermore, we highlight the wide applica-
bility of the ACE model for large-scale atomistic simulations, enabling
predictive modeling of complex phenomena.

15 min. break

MM 36.6 Fri 11:45 H23
Scalable fabrication and mechanical behavior of hierarchical
nanoscale network nickel — eULRIKE DETTE!2, Lukas LUHRSZ,
and SuaNn Sui'3 — 'Research Group of Integrated Metallic Nanoma-
terials Systems, Hamburg University of Technology, 21073 Hamburg,
Germany — 2Institute of Materials Physics and Technology, Hamburg
University of Technology, 21073 Hamburg, Germany — 3Institute of
Hydrogen Technology, Helmholtz-Zentrum Hereon, 21502 Geesthacht,
Germany

The recent fabrication of mechanically robust two-level hierarchical
nanoporous gold by two-step electrochemical dealloying has enabled
the demonstration of enhanced mechanical properties and reduced den-
sity attributed to the structural hierarchy in the nanoscale network
materials. This work aims to develop a new method for the scalable
fabrication of low-cost hierarchical nanoscale network metals. Here,
two- and three-level hierarchical network (HN) Ni samples are success-
fully prepared from Ni foams by a novel and simple alloying-dealloying
method. Bulk three-level HN Ni samples are characterized by three
well-defined strut/ligament sizes (160 pm, <10 pm and <10 nm) and a
low density down to 0.06. In addition, we systematically perform me-
chanical studies on both two- and three-level HN Ni via macroscopic
compression tests. We propose general scaling equations between me-
chanical properties and relative density for HN materials.

MM 36.7 Fri 12:00 H23
Transferable machine learning interatomic potential for Au
nanoparticles — eJovana Vwoanovié, CEM SEVIK, and MILORAD
V. MiLoSEvI¢ — University of Antwerp, Groenenborgerlaan 171,
Antwerp, Belgium

Effective molecular dynamics and Monte Carlo simulations fundamen-
tally depend on the accuracy of interatomic potentials, which define
the potential energy surface as a function of atomic positions. This
precision is essential for metallic nanoparticles (NPs), whose small size
and diverse morphologies demand robust modelling. While classical
empirical potentials offer computational efficiency, they often lack the
necessary accuracy and density functional theory (DFT) calculations,
though highly accurate, are computationally prohibitive for NPs with
thousands of atoms. This work introduces a machine learning-based in-
teratomic potential for Au NPs, trained on a compact dataset of bulk
structures, surface slabs and NPs containing up to 55 atoms. Our
training dataset includes a diverse set of atomic configurations with
corresponding properties obtained from ab initio molecular dynamics
calculations, which we use to train a Gaussian Approximation Poten-
tial (GAP) via Gaussian Process Regression. Parameter optimization
was performed to maximize model accuracy, and LAMMPS validation
tests demonstrated GAP performance against DFT benchmarks. In
addition, transferability tests on larger NPs of various shapes reveal
our GAP’s robustness beyond the training set. Comparisons with an
existing GAP model and the universal MACE potential underscore our
model’s improved accuracy and generalizability for Au NPs.

MM 36.8 Fri 12:15 H23
Scaling behavior of Poisson’s ratio in hierarchical nanoporous
materials — eHaonaN Sunb2, Lukas LiUnrs?, WEI-cHE CHANG3,
and SHAN SHI'3 — 1Research Group of Integrated Metallic Nanoma-
terials Systems, Hamburg University of Technology, 21073 Hamburg,
Germany — 2Institute of Materials Physics and Technology, Hamburg
University of Technology, 21073 Hamburg, Germany — 3Institute of
Hydrogen Technology, Helmholtz-Zentrum Hereon, 21502 Geesthacht,
Germany

The recent fabrication of crack-free monolithic hierarchical nested net-
work nanoporous gold allows the investigation of the benefits of hierar-
chy in the aspect of mechanical properties at the nanoscale. It has been
demonstrated that hierarchical nanoporous gold (HNPG) can achieve
a substantially reduced solid fraction and enhanced specific stiffness
and strength compared with non-hierarchical nanoporous gold. How-
ever, the role of hierarchical structure on Poisson’s ratio has not been
investigated yet. In this work, mm-sized HNPG samples are made
out of an Ag93Au7 master alloy by a dealloying-coarsening-dealloying
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method. We then explore the elastic and plastic Poisson*s ratios of
HNPG by using digital image correlation during compression tests.
Remarkably, a scaling law of the elastic Poisson’s ratio in hierarchi-
cal nanoporous materials with respect to the solid volume fraction is
proposed and excellently supported by our experiments. This work
enriches the understanding on the relationship between mechanical
properties and microstructure in hierarchical network materials at the
nanometer scale.

MM 36.9 Fri 12:30 H23
Frenkel pair energetics in disordered solid solutions and im-
plications for alkali feldspar diffusivity — e ALEXANDER GORFER,
RaAINER ABART, and CHRISTOPH DELLAGO — University of Vienna,
Vienna, Austria

Predicting defect concentrations from the density of states (DOS) of
formation energies in disordered materials has recently been formu-
lated for vacancies in high entropy alloys. That methodology how-
ever does not translate to disordered ionic crystals as charged defects
need to be paired up to ensure charge neutrality. Here, we present
a general expression to predict the defect concentrations of Frenkel
pairs in disordered ionic crystals out of the DOS of formation ener-
gies of both positively and negatively charged defects. To demonstrate
its applicability we use a recently developed machine learning force
field to calculate the DOS of formation energies for different states of
(dis)ordering in alkali feldspar (Na, K)AlSi3Og, an abundant mineral
in the Earth’s crust. Applying our expression to these DOS reveals a
significant increase in the concentration of point defects in disordered
ionic crystals as pairs of low formation energy defect states between

the positively and negatively charged DOS can be identified. Implica-
tions for the diffusivity that controls the exsolution of alkali feldspars
which is an important phenomenon in the formation of magmatic and
metamorphic rocks are discussed.

MM 36.10 Fri 12:45 H23
Ferromagnetism at ambient temperature in Cantor and
nanocomposite high-entropy alloys induced by severe plas-
tic deformation — eSHABNAM TAHERINIYA, HARALD ROSNER, and
GERHARD WILDE — Universitdt Miinster, Institut fiir Materialphysik,
Wilhelm-Klemm-Str. 10, 48149 Miinster, Germany

In this study, single phase Cantor (CoCrFeMnNi) and nanocompos-
ite high-entropy alloys (HEAs) (CoCrFeMnNi and HfNbTaTiZr) were
processed using high-pressure torsion (HPT), subjecting the samples
to a constant pressure of 9 GPa either as a single disk or stacked
disks, with the top anvil rotating at 1 rpm at ambient temperature
for up to 15 revolutions. Vibrating sample magnetometry (VSM)
confirmed that HPT processing induces the development of ferromag-
netic properties. The distribution and orientation of magnetic domains
post-deformation were examined in detail using differential phase con-
trast scanning transmission electron microscopy (DPC STEM), ana-
lytical TEM and atom probe tomography (APT) analysis. Our study
demonstrates that HPT processing of HEAs induces a transition from
paramagnetic to ferromagnetic states at ambient conditions. This
deformation-induced ferromagnetism can be explained by the cock-
tail effect in HEAs, where the formation of ferromagnetic particles is
linked to deformation-induced element-selective atomic migration and
local enrichment of ferromagnetic elements.

MM 37: Functional and Complex Materials

Time: Friday 12:00-12:45

MM 37.1 Fri 12:00 H22
Unveiling Material Dynamics with Machine-Learned Inter-
atomic Potentials — eFERENC TasnaDpI, BoBUR MUKHAMEDOV,
Amanpa EnHN, FLoriAN TRYBEL, and Icor A. ABRIkKosov — IFM
Link&ping University
Machine-learned interatomic potentials (MLIPs) have revolutionized
our ability to understand the properties of materials with complex dy-
namical processes. In this work, we present an active learning MLIP
strategy to: (i) investigate the elasticity of alloys near dynamical in-
stability [1] and (ii) explore dynamical bond disorder in high-pressure
synthesized PN2 [2]. bee-Ti-based alloys have wide industrial applica-
bility, ranging from low-modulus biomedical implants to high-strength
GUM metals. The low-temperature dynamical instability of bce-Ti
can be tailored through the addition of bee stabilizers (Nb, Ta, Zr, V),
resulting in anomalous mechanical properties such as elinvar behavior
or high anisotropy with low modulus in Ti-Nb-Zr and Ti-Zr-Sn alloys.
Pnictogen compounds (Group 15 elements) exhibit fascinating chem-
istry due to the variety of bonding configurations, as demonstrated in
the recently studied P-N system [2]. Long-timescale MLIP-driven sim-
ulations reveal that N-N distances connecting the P-N octahedra vary
dynamically between single-bonded and non-bonding configurations.
The results are compared with experimental observations. If time
permits, we will demonstrate how MLIP-driven molecular dynamics
simulations can offer deeper insights into materials exhibiting Peierls
instability. [1] New J. Phys. 22 113005 (2020); J. Vac. Sci. Technol.
A 42, 013412 (2024). [2] Chem. Eur. J. 2022, 28, €202201998.

MM 37.2 Fri 12:15 H22
Decoding Molecular Ion Dissociation Effects in Atom
Probe Tomography of Iron Oxides — eSHvam KATNAGALLU',
SeHo Kim!, Suarint Buarr!, Danier K ScHREIBER?, JORG
NeuceBAUER!, BapTisTE Gaurr!, and CHRrisTorH FREYsoLDT! —
IMax Planck Institute for Sustainable Materials, Diisseldorf, Germany

— 2Energy and Environment Directorate, PNNL, Richland, USA.
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To mitigate CO2 emissions, we require efficient carbon-free reduction
processes for iron ores. Atom probe tomography (APT) can eluci-
date the gradual reduction of FexO at the nanometer length scale, but
it is hindered by compositional bias. We investigated the changes in
the measured composition of FeO, Fe203, and Fe304 across a range of
analysis conditions. However, APT of ionic or covalently bonded mate-
rials often results in molecular ions. The metastability of these molec-
ular ions, under an intense electrostatic field, makes them vulnerable
to dissociation. These processes can significantly impact the analytical
performance of APT. For instance, neutral molecules formed through
dissociation may not be detected or may have a time-of-flight no longer
associated with their actual mass, leading to their loss from the anal-
ysis. To predict possible dissociation reactions of molecular ions, we
employed density-functional theory that considered the spin states of
the molecules. The energetically favoured reactions were traced onto
multi-hit correlation histograms to validate their existence within APT
data. These detected reactions were carefully analysed to assess the
impact of neutrals resulting from dissociation reactions on the perfor-
mance of APT for analysing iron oxides.

MM 37.3 Fri 12:30 H22
Entropy Decoupling in Vacancy Formation of BCC High-
Entropy Alloys — eXi1ang Xu, X1 ZHANG, and BLAZE] GRABOWSKI
— University of Stuttgart, Stuttgart, Germany

The temperature-dependent vacancy formation energies in MoTaNbW
systems have been calculated using a machine-learning-based inter-
atomic potential that accurately captures the simultaneous effects of
configurational and vibrational entropies, along with their coupling.
Our results indicate that at elevated temperatures, careful treatment
of the chemical potential is essential. We computed the distributions
of vacancy formation energies up to the melting point, explicitly ac-
counting for anharmonic vibrational effects. The findings demonstrate
that, in this system, the local atomic environment around a vacancy
exerts minimal influence on the vibrational entropy contributions.



